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Introduction

NeuroGuide is an informative and comprehensive digital EEG and QEEG analysis
system. NeuroGuide provides access to modern and simple to use Microsoft windows
for automatic artifact rejection, Dynamic Lifespan Eyes Open and Eyes Closed
Reference Normative Database, covering the age from 2 months to 82 years of age (N =
727). NeuroGuide includes Re-Montaging to Average Reference or the Laplacian for
eyes open and eyes closed conditions.

NeuroGuide is designed for use with the LORETA Key Institute Source Localization
software for registration with the Talairach MRI Atlas from the Montreal Neurological
Institute. NeuroGudie provides tab delimited output files that can be imported into any
statistical package or database management system.

Joint-Time-Frequency-Analyses (JTFA) are available to explore the details of time and
frequency, including dynamic JTFA normative database analyses and instantaneous
power, coherence and phase delays.

The NeuroGuide Discriminant Functions (DIS) add on includes a Mild Head Injury
Discriminant  Function and a Learning Disabilities Discriminant Function. The
discriminant functions are not intended to provide a clinical diagnosis but are only an
adjunct to other measures.

NeuroGuide Brain Performance Index (BPI) is an add on product and includes
predictive correlations between EEG and Neuropsychological function such as Block
Design, Digit Span and 1.Q. and other cognitive measures. The Brain Performance Index
is a correlative research tool and is not intended to diagnose or render clinical
judgments.

NeuroStat (NS) is an add on program that computes Pre-Test vs. Post-Test EEG
Comparisons, as well as, Statistical Group Comparisons.

NeuroBatch (NB) is an add on program that Automatically Processes Large Batches of
Edited EEG and Organizes EEG Data for Purposes of Group Statistics.

LORETA Normative Reference Database (LOR) is an add on program that provides 3-
Dimensional Z Scores from 2 months to 82 years of age launched from the NeuroGuide
edit window using the Key Institute Explorer Viewer.

LORETA Normative Source Correlation Database (SC) is an add on program that
provides 3-Dimensional Correlations between Regions of Interest from 2 months to 82
years of age.

© 2002 - 2015 Applied Neuroscience, Inc.
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LORETA Normative Coherence and Phase Database (LCP) is an add on program that
provides 3-Dimensional Correlations between Regions of Interest from 2 months to 82
years of age.

LORETA Phase Reset Normative Database (LPR) is an add on product that provides 3-
Dimensional Phase Shift Duration and Phase Lock Duration means and standard
deviations between Regions of Interest from 2 months to 82 years of age.

Connectivity Suite (CS) includes the full 171 electrode combination topographic maps
of Cross-Spectra, In-Phase Spectra, Out-of-Phase Spectra, correlation (comodulation),
coherence, Phase and Phase Reset.

Spindle or Burst Metrics include number of spindles/sec, mean amplitude of spindles,
mean duration of spindles and mean inter-spindle interval.

Scalp Surface EEG Phase Reset is part of the Connectivity Suite (CS) and is the first
derivative of the time series of straightened phase differences and includes number of
phase resets/sec, mean amplitude of phase resets, mean duration of phase resets,
mean phase locking interval and average rate of change of phase differences.

EEG Acquisition add on module (NC) designed to record EEG from different amplifiers
and is necessary for surface or LORETA Z Score neurofeedback.

Surface 1-19 Channel Z Score Neurofeedback (NF1) is a Symptom Check List based
EEG biofeedback add on module. Allows for Neurofeedback of Average Reference and
Laplacian and Linked Ears montages for absolute and relative power, power ratios,
amplitude asymmetry, coherence, phase differences, phase shift duration and phase
lock duration.

LORETA Z Score Neurofeedback (NF2) is a Symptom Check List based EEG
biofeedback add on module. Allows for Neurofeedback of 88 different Brodmann areas
for current density, amplitude asymmetry, coherence, phase differences, phase shift
duration and phase lock duration.

BrainSurfer (SURF) is a Brain-Computer-Interface (BCIl) method to operantly modify the current
sources from Brodmann areas and connections between Brodmann areas (i.e., nodes and
network connections) of the EEG. BCl is a type of EEG Biofeedback or Neurofeedback
procedure in which particular EEG activity is detected and then subjects are trained to increase
the probability of EEG activity linked to a device like a computer display or robot or prosthesis.
BrainSurfer is the patient's own brain rendered by an MRI that provides real-time and
continuous feedback about the stability of nodes and connections between nodes in networks
of the brain linked to the patient's symptoms. A clinician can zoom inside of the 3-D rendered

© 2002 - 2015 Applied Neuroscience, Inc.
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brain to a specific node or a specific connection between nodes to increase specificity of
instrumental learning in particular Brodmann areas or functional connections between
Brodmann areas in real-time. One can view the 3-dimensional current sources inside of the
MRI volume by rotating the volume and making the rendered surface transparent. BrainSurfer
computes real-time sLORETA from the center voxel Brodmann Area Current Density, including
Surface and/or Node views. BrainSufer also computes real-time functional connectivity Z
Scores of Coherence, Phase difference, Phase Lock Duration, Phase Shift Duration between
Brodmann Areas.

Standalone Symptom Check List (SCL) is a neurofeedback protocol generator using a
patient symptom check list to link symptoms to disregulated nodes and connections
between nodes linked to symptoms. One can print and save the protocol in tab
delimited format.

NeuroGuide Signal Generator is a free educational tool distributed in the Demo at
www.appliedneuroscience.com by which basic digital signal processing of EEG can be
learned and LORETA and NeuroGuide and other programs can be tested.

Automatic Clinical Report Writer (ACR) is a "per use" add on to NeuroGuide available at
Report > Automatic Clinical Report Writer after one has has imported a valid and good
guality EEG sample, then selected artifact free EEG, preferably with > 0.90 test re-test
reliability to produce a template word document with the users company information
and icon, etc. in less than one minute, The word document template can be modified
by the user and contains all of the standard topographic maps and LORETA images
used in the past to produce clinical reports.

NeuroGuide provides tools as analytical resources and as an EEG reference based on
peer reviewed scientific publications. NeuroGuide does not diagnose nor render any
clinical decisions and it is designed for use by trained and competent individuals. Any
clinical use must be by qualified medical or clinical professionals restricted to the visual
and statistical evaluation of the human electroencephalogram (EEG). EEG artifact can
invalidate analyses and improper positioning of electrodes or significant deviations
from accepted standards of electroencephalographic recording methodology can
invalidate EEG recordings or erroneous storage of data and falsification of data,
improper manipulation of data or unlawful uses of NeuroGuide including violations of
copyright law and other improper uses of NeuroGuide are all contra indicated.

Visit www.appliedneuroscience.com to learn more about NeuroGuide

© 2002 - 2015 Applied Neuroscience, Inc.
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Intended Use

For clinical purposes the NeuroGuide Analysis system is to be used by qualified
medical or clinical professionals for the statistical evaluation of the human
electroencephalogram (EEG). For research and education NeuroGuide is intended to
be used by competent and ethical students and professionals for the statistical
evaluation of the human electroencephalogram (EEG).

Installations
How to Install NeuroGuide:

Before you proceed make sure to make a backup copy of zip folder that contains the
NeuroGuide installation files and keep it in a safe place, in case you need to reinstall this
version of NeuroGuide.

Unzip or Extract the NeuroGuide installation files from the .zip folder and save all the
installation files to the same folder and note the location of that folder (be sure that all
the installation files are in the same folder). To install NeuroGuide open the folder with
all the installation files, then open the Volume folder and double click on the setup.exe
file.

If you have installed an earlier version of NeuroGuide then uninstall will run first and
then automatically proceed with the install.

After installation, depending on which version of Window you are currently using, Click
the Start button, select All Programs, select the NeuroGuide Folder, then select
NeuroGuide to launch NeuroGuide or Click on the NeuroGuide icon located on your
Desktop or in your Task Bar. We advise that one always use the default directory of c:/
program files for the installation directory. If you shift installation to a different directory
after receiving a Key B based on the initial directory then your initial Key B will no
longer work. If this happens, please contact us by phone 727-244-0240 or at
geeg@appliedneuroscience.com.

Download the Tutorial Files:

To download the other EEG Tutorial Files available to help you learn NeuroGuide, go
to: www.anipublishing.com/Downloads. The link is near the bottom of the Downloads
page, before the Download Form. Save the .zip file in the NeuroGuide Folder on your
hard drive. Then Extract or Unzip and save the TUTORIAL_FILES folder that contains
the tutorial files in the NeuroGuide folder for later use.

© 2002 - 2015 Applied Neuroscience, Inc.
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How to Install the Add-On Normative Databases:

The Bi-Spectral Normative Database and the LORETA Source Correlation Normative
Database are large files that need to be downloaded, unzipped and installed separately,
using the following process.

Go to: www.appliedneuroscience.com/AddonDatabases.htm to download the Add-
on Normative Databases. Save the .zip file in a folder on your hard drive then right
mouse click and select unzip or Extract and save the installation files in the same
folder. Then double click the Setup.exe to install the large normative database add-
ons.

These databases are accessible only if one has purchased the BiSpectrum add on and/
or the LORETA Source Correlation normative database add on. See http://
www.appliedneuroscience.com/Price List.ntm for price details.

How to Install the Key Institute's LORETA software:

Go to: www.unizh.ch/keyinst/NewLORETA/Software/Software.htm and reading the available

information before you download the free software package, then:

Go to number 7. and click on the link to Download the LORETA-KEYO® software
package; and

Don't forget to click the link after number 8. to Request the Password (necessary for
installation & it may take 2-3 days for the password to arrive).

If you are interested: Download Brodmann Area information for LORETA Voxels (use
the LORETA-KEY software password to Extract the files from the .zip folder).

Install the Key Institute LORETA in the default directory at: c:/Program Files (x86)/
LORETA or the c:/Program Files/LORETA if your are using an older version of Windows.

© 2002 - 2015 Applied Neuroscience, Inc.
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Key A and Key B to Activate NeuroGuide

The first time that NeuroGuide is launched a Copyright Agreement appears. Click yes to
accept the Terms of the Agreement, otherwise the program will terminate. The next
window is a NeuroGuide Security Key window that contains a Key A. Once your
payment for NeuroGuide has processed then a Key B will be issued that will unlock the
full power of NeuroGuide including the ability to import EEG files. Highlight and Copy
(CtrlI-C) the Security Key A and then Paste (Ctrl-V) the Security Key A into an email
addressed to geeg@appliedneuroscience.com. To facilitate this process, click Create
Key A File to automatically launch Notepad, which you then attach to an email to
geeg@appliedneuroscience.com. Note on some systems a blank Send_Key_ A.txt
WordPad document will open, you can then Copy and Paste the Key A in the blank
WordPad document, select Save as under the File menu, and save the document to
some other location on your computer. Go to www.appliedneuroscience.com/

Order.htm to purchase NeuroGuide, any of the many NeuroGuide Add-ons or to view
the prices.

© 2002 - 2015 Applied Neuroscience, Inc.
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e NeuroGuide Security Keys
MNeuroGuide Securty Key A

3821 VETA CYInA FoB9 AZHY MY39

ISBZ IVEYACYIAFSBIAZHYMY39

MeuroGuide Securty Key B

MeuroGuide Securty Key C

Create Key A File

QK Cancel

After your payment for NeuroGuide has processed and you have received your Key B
by email, Copy (Ctrl-C) and Paste (Ctrl-V) the Key B into the NeuroGuide Security Key B
area and click OK. The Security Key B uses the Computer ID numbers that are unique
to the single computer and single user license that you use to register your software.
The security key C is issued only if one purchases the NC acquisition module (Click
Collection > Hardware Selection to view the amplifiers that NeuroGuide can collect EEG
from). A second but renewable license will be issued at no extra cost to individuals
who have a laptop at work and/or a desktop computer at home, etc. It is important to
note that a single user's license is all that is allowed and separate licenses must be
purchased if users other than the single user intends to use the software (see Copyright
License Agreement which is saved on your computer when you launch NeuroGuide).

© 2002 - 2015 Applied Neuroscience, Inc.




Getting Started Manual

Key A and Key B Activate NeuroGuide

& NeuroGuide Security Keys
MeuroGuide Security Key A
aouy 807N 10UB HXPP 9A8W EORB
aour8a*N10UBHXPPIABWEDORE
MeuroGuide Securty Key B
uDuUZz ooMa 9I4R LLG6G EKJD 7671

UDUZ00MB89I4RLLEGEKJDYGT I

MeuroGuide Security Key C

16

© 2002 - 2015 Applied Neuroscience, Inc.




Getting Started Manual Key A and Key B Activate NeuroGuide

17

Demo Mode

The Demo mode is activated clicking Help, and then selecting Enter Demo Mode. In the
Demo mode the user is still bound by the terms of the single user copyright agreement,
however, users are limited to using the exemplar files inside of NeuroGuide and demo
users will not be able to import their own data.

g NeuroGuide = =
File Edit View Collection Montage Analysis Report MNeurcStat Options lﬂTIp'

Scale (U] MeuroGuide Manuals...

1k

About MeuroGuide...
Licenze Information...

Version Information...

Change Security Keys...
Enter Dermo Mode

N

b

Even after one has activated NeuroGuide the user can Enter the Demo Mode at any
time. This allows users to explore Add Ons that they may want to purchase in the
future.

Support and Upgrades

Support is available from 9am to 5pm Monday to Friday. You may contact us by email or
phone at http://www.appliedneuroscience.com/contact_us.htm. We are constantly
updating the program with new features and new EEG file formats.

One year of free upgrades from the date of first purchase are included with each
purchase of NeuroGuide. After one year of free updates, there is a fee for a one year
update subscription if one wants to continue to have access to future updates
(www.appliedneuroscience.com/Update Subscription.htm). The Key B issued prior to
expiration of free updates will continue to operate for all NeuroGuide versions that were
made available prior to expiration of the free service condition.

You will be invited to join the NeuroGuide users group at yahoo.com where open
discussion is encouraged and new upgrades are announced. Once you purchase
NeuroGuide please join this group and check for the release of new updates of
NeuroGuide. To view the most recent updates and the history of updates go to: http://
www.appliedneuroscience.com/whatsnew.htm

© 2002 - 2015 Applied Neuroscience, Inc.
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Supported Formats

New File formats and features are constantly being added to NeuroGuide. Visit our
website at www.appliedneuroscience.com > Why NeuroGuide > EEG Imports for the
most up-to-date list of supported formats. To equate the amplifier characteristics of
different EEG machines to the amplifier characteristics of the normative reference
database micro-volt calibration sine waves are input into the different EEG machines
and equilibrated to the amplifier characteristics of the normative amplifiers. The
Universal physics metric of the EEG is the Volt defined as joules/coulomb.

Help Menu

The Help Menu contains important options. Click Help and view the options below:

Help| 'E

HMeuraGuide Manuals...

About MeuraGuide...
License Infarmation...

Versian Infarmation...

Change Security Keys...

Update Security Keys Online...

| Enter Demao Made

Click Help > NeuroGuide Manuals to Open the Manuals...

Help

| MeuroGuide Manuals... [

About MeuroGuide...

Click Help > About NeuroGuide...

© 2002 - 2015 Applied Neuroscience, Inc.
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NeuroGuide Deluxe 2.8.3
NeuroStat 2.8.3

(c) Copyright 2001-2014, Applied MeuroScience, Inc.
All rights reserved.

www.appliedneuroscience.com
(F27)244-0240

Click Help > License Information... to determine the Expiration Date if a Renewable or
Temporary License is active and the Date of Expiration of the one year update subscription
after which access to future updates will not be permitted.

iﬁa License Informaticn [&J

License Expiration Date: 09/0L/2014

Update Subscription Valid Until: 12/00/2014

Click Help > Version Information... to determine the exact release number of NeuroGuide and
the CVIversion number that was used to create NeuroGuide

( iﬁi Version Information @

MeuraGuide Yersion Mumber: 2.5.0.0

VI Version Mumber: 910 2009
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Click Help > Change Security Keys... in order to gain access to your Key A. Key B & C will be
blank and this window is important to send to Applied Neuroscience, Inc., if there was an
expiration or if new add ons are purchased.

iﬁa MeuroGuide Security Keys Iﬁ]

MeuroGuide Security Key &

454U KJOJ J4X6 WI4E EW3Y EV.JH

454AUKJO0JJ4XEW [ 4EEWIYEV.TH

MeuroGuide Security Key B

...............................

MeuraGuide Security Key C

| Create Kep 4 File |

] | | Cancel

Click Help > Update Security Keys Online to Renew your Renewable 2nd license Key B

LL | 1

MeuraGuide Manuals...

About MeuraGuide...
License Infarmatian...

Yersion Infarmatian...

Change Security Keys...

Update Security Keys Online..,

Enter Demao Made
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To Enter the Demo Mode Click Help > Enter Demo Mode

| Help |

BleuraGuide Manuals...

About MeuraGuide...
License Information...

Yersion Information...

Change Security Keys...

| Enter Demao Made |

Tutorials

Conventional EEG Tutorial StepsD?

OEEG Tutorial StepsP?

EEG Collection Tutorial StepsP?*

EEG Surface Neurofeedback Tutorial StepsD®

L ORETA Neurofeedback Tutorial StepsP?

Brain Surfer Brain-Computer-Interface (BCI) Tutorial StepsDZ7

21
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Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7
Step 8
Step 9
Step 10
Step 11

Step 12

Getting Started Manual Tutorials

Conventional EEG Tutorial Steps

Open the NeuroGuide DemoP"

Import EEGD=

Change Polarity & ColorsD®

Create MontagesD™

Remontage to Bipolar, Common Reference, Average & Laplacian®™*

Visually Examine & Mark Events™*

Visually Examine & Annotate Peak-to-Peak AmplitudesD?

Digital Filter the EEG TracesD®

Bitmap Screen Capturel®

LORETA Time Domain Source Analysis of Gross PathologiesP*

JTFA Feature Detection?**

Save and Print EEG TracesD™

22
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Step 1
Step 2
Step 3
Step 4
Step 3
Step 4
Step 5
Step 6
Step 7
Step 8
Step 9

Step 10

Getting Started Manual Tutorials

QEEG Tutorial Steps
Symptoms & Hypothesis Formation Prior to Recording EEG

Import EEGD=

Visual Examination and Artifact Free SelectionsP3®

Dynamic FFT Normative Database Z ScoresD%

Verify High Test Re-Test ReliabilityD*

Re-Montage to Bipolar, Average Reference and Laplaciaan

Create MontagesD™

Test Hypothesis Linkage of Symptoms to Surface EEG
Test Hypothesis Linkage of Symptoms using LORETA Frequency Domain

Select Report ContentD™

Generate, Save & Print Report

Save & Export EEG

23
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Step 1
Step 2
Step 3

Step 4

Getting Started Manual

Tutorials

EEG Collection Tutorial Steps

Amplifier SelectionP%

Setup & MonitorP®

Record, Pause & Stop™™

Save the Recording

24
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Step 1
Step 2
Step 3
Step 4
Step 5
Step 6

Step 7

Step 8

Getting Started Manual Tutorials
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EEG Surface Neurofeedback Tutorial Steps

Hypothesis Formation of Likely Networks Linked to Symptoms
Start EEG Collection & Monitor Traces
Click Collection > Neurofeedback > Surface EEG Neurofeedback

Symptom Check List to link symptoms to dysregulated brain systemst

Protocol Generation

Set Number of Rounds and Duration of RoundsP™

Start Ngurofeedback and View the Progress Chart to Achieve 25-30 rewards/
minute~™

Adjust Z Score threshold toward Z =0 and maintain 25-30 rewards/minute
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Step 1
Step 2
Step 3

Step 4

Step 5
Step 6

Step 7

Step 8
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LORETA Neurofeedback Tutorial Steps

Hypothesis Formation of Likely Networks Linked to Symptoms
Start EEG Collection & Monitor Traces
Click Collection > Neurofeedback > LORETA Neurofeedback

Symptom Check List to link symptoms to dysregulated nodes and
connections between nodes™”

Protocol Generation

Set Number of Rounds and Duration of RoundsP®

Start Neurofeedback and View the Progress Chart to Achieve 25-30 rewards/
minutel™

Adjust Z Score threshold toward Z =0 and maintain 25-30 rewards/minute
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Brain Surfer Brain-Computer-Interface (BCI) Tutorial Steps
Step 1 Hypothesis Formation of Likely Networks Linked to Symptoms
Step 2 Start EEG Collection & Monitor Traces
Step 3 Click Collection > BrainSurfer

Step 4 Symptom Check List to link symptoms to dysregulated brain systemsP

Step 5 Protocol Generation

Step 6 Set Number of Rounds and Duration of Rounds2™

Step 7 Start BrainSurfer and view the Progress Chart to Achieve 80-90 percent of
metrics/minute

Step 8 Adjust Z Score threshold toward Z = 0 and maintain 80-90 percent metrics/
minute

© 2002 - 2015 Applied Neuroscience, Inc.



NeuroGuide

Manual and Tutorial

© 2002 - 2015 Applied Neuroscience, Inc.

Part I I

www.appliedneuroscience.com

(All EEG Selections and/or Sine Wave Segments are for lllustrative Purposes Only)



//
2

//j’ NeuroGuide Manual 29

NeuroGuide Manual & Tutorial

The NeuroGuide Manual is a guide with a brief tutorial with step by step procedure designed to
help users to learn the basics of conventional EEG and qEEG. qEEG builds on the
foundations of artifact free selections and uses computers to spectral analyze the frequency,
power, phase differences, coherence and source localization of the surface EEG.

Automatic Clinical Report Writer (ACR)

The Automatic Clinical Report Writer (ACR) is a "per use" add on to NeuroGuide available at
Report > Automatic Clinical Report Writer after one has has imported a valid and good quality
EEG sample, then selected artifact free EEG, preferably with > 0.90 test re-test reliability to
produce a template word document with the user's company information and icon, etc. in less
than one minute. The word document template can be modified by the user and contains all of
the standard topographic maps and LORETA images used in the past to produce clinical
reports.

It is recommended that users enter the Demo Mode to setup and test the report format with the
desired company information, logo and scanned signature. An iterative process can be used
to quickly experiment and adjust the report header information until one is satisfied with the
company logo and contact information. Once satisfied, then close the demo and launch
NeuroGuide and then import the desired EEG data, select artifact free EEG and then click
Report > Automatic Clinical Report Writer to produce afinal report. A decrement of the per use
counter will occur at this point and this is why it is recommended to experiment in the Demo
mode before proceeding the final report.
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Procedure To Avoid Decrementing the Automatic Clinic Report Counter
Enter Demo Mode: Setup Company Contact Information, Logo & Signature.
When Satisfied Launch NeuroGuide and Produce a Final Clinical Report

Open NeuroGuide and Click Help > Enter Demo Mode

Click File > Open > Lexicor > Lexicor NRS-24

Enter Subject Information (at least Age & select Eyes Closed)

Select Linked Ears Montage

Click Edit > Automatic Editing... then Click Generate Edits and then Click Close
Verify Ave Split Half and Ave Test Retest Reliability

F 3

l Repeat

Steps

Click Report > Automatic Clinic Report Writer Until
Options Panel 1st: Select TBI Discriminant Function, Select desired NFB Recommendations and Satisfied
Certify Artifact Fee, then Click OK with the

Header Panel 2nd: Click the Down Arrow after Company Info = Select Add and Enter your Company Report
Name, Address, Phone, Fax, Email & Clinician Name & Title or Replace the Demo Format

Info. Click on the Logo & Signature Boxes to Navigate to the location of your

Company’s Logo & Scanned Signature or Select No Logo and/or Manual,

respectively. Then Click Save Company Info and Click Generate Report
Warning Message: Click Yes

!

Only After the Report (Word doc) has Finished Generating: Check all the
Company & Clinician Information for Typo’s and the Logo & Signature Size

L

Launch NeuroGuide to Produce a Final Report — Counter will be Decremented
(While in the Newly Generated MS Word Document/Report...Remember to Click File = Save As then
Navigate to the Patient’s Folder and Rename the word document. Now you can confinue to Add or Delete
Text or other Bit Maps you may want to include in the Report. After you are entirely satisfied with the Patient’s
Clinic Report REMEMBER to: Save the Report/Word doc then Save the Report as a PDF in Patient’s Folder.)

To Generate an Automatic Clinic Report (ACR) Click Report > Automatic Clinic Report Writer.

Lexicor NRS-24 Demo ==
File Edit View Collection Montage Analysis | Report | MeuroStat Options Help

Scale (uV) )
= 5000 FRi-LE MMN"*W"*”W
Edit Time FRZLE WWNWM
02-00 F3HE WWHWW
........... M nmage -z WWM|

Laplacian N

LongBP

CHE
CHLE

Report Selections...

Color Map Settings...

Generate Analysis...

Automatic Clinical Report Writer..,

by et

Create Symptom Check List Match
Symptom Check List Protocol Creation...

The message below will appear, If any one of the following apply:

* The Computer you are using is not registered in the ANI database; or
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* You have not purchased any ACR Q-EEG Reports, for the computer you are using; or

* You have used up all the ACR Q-EEG Reports you purchased for the computer you
are using.

i NeuroGuide Message ﬂ

This computer has no Automatic Clinical Report Wiiter uses.
Click on the hypedink below to purchase.

wwww appliedneuroscience com/ACH Rtm

Click on the Hyperlink in the NeuroGuide Message window to open the web page in your
default web browser (or visit: www.appliedneuroscience.com/ACR_Order.htm). Then purchase
the desired ACR Q-EEG Report Package by Clicking the Add to Cart button.

k) NeuroGuide Message ﬂ

This computer has no Automatic Clinical Report Whiter uses.
Click on the hyperink below to purchasze.

www appliedneuroscience com/ACR him

If you have made a purchase then there may be delay of 24 hours to update the ANI database.
If after 24 hours the same message appears, Please email geeg@appliedneuroscience.com
and ask to be added to the database.

After clicking Report > Automatic Clinical Report Writer then the message below will appear to
inform you about the number of ACR uses available to you. If the remaining Number of
Automatic Clinical Report Writer uses is low, for example: 1, or if you want to purchase more
ACR Writer uses then click on the hyperlink in the message or Vvisit
www.appliedneuroscience.com/ACR_Order.htm and then click the Add to Cart button for the
ACR Q-EEG Package you desire to purchase.
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Mumber of Automatic Clinical Report Whiter uses: 1

Click on the hyperink below to purchase additional uses.

www appliedneuroscience com/ACH Htm

Click the OK button in the above message panel and NeuroGuide will begin processing the
artifact free EEG that the user has selected. A series of messages will appear, similar to the
one below, describing the progress of the computations. Less than one minute is expected
for this process to complete.

#  NeuroGuide Message Ex

Creating Auto Spectral Head Maps. .

Once the analyses are complete then the ACR Options panel seen below will appear.
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ACR Options Panel

/Header Panel is not Active until User Certifies Data Quality & Clicks OK

Only Select E7.] Automatic Clinical Report - o IEN
Discriminant Options
Functions if Clinic Report Options
Patient has
a History Discnminart Functions
of mTEI > (o TBI Discriminant Function (use only if patient has a history of TB| &age > 13)
A:::;::ic LD Discriminant Function (use only if patient has a history of academic problems & age 5to 18)
Problems 4 Brain Pedformance Index (ege 5to 18)
MNeurofeedback Recommendations
Select Desired ®  Suface EEG (Linked Ears Only)
Neurofeedback =—————"> _ LORETA So
Recommendations i ourees
User is Required
to Certify that Only
Artifact Free and =—p @ i cetfy that anfact free data was selectedi oK Cancel

High Quality Data
is to be Used

Click OK after Selecting the Desired & Required ltems

If you have not purchased the discriminant functions and/or the Brain Performance Index (BPI)
then these items will be grayed out in the ACR Options panel. To purchase these add ons to
NeuroGuide click the Add to Cart button at: www.appliedneuroscience.com/Order.htm

The ACR Header Panel only appears after Clicking OK in the Options Panel
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ACR Header Panel

Click on the Down Arrow to Add or Select
Another Company’s Information

& Automatic Clinical Report = = Click on the
- Logo box,
Options | Header then
Company Logo (Click to ch Nawg_ate
Compary Info  |Rocky Mountain Neuroscience, Inc. VI Size: S50 pxor 1/2"x 1/2", to the Jpreg,
| - Add # 5 Format: bmp, jpeg or pna. -Png C.lr
¥ Rocky Mountain Neuroscience, Inc. Do nat exceed 3/4" x 3/4". bmp file
Mo spaces in image file name. OR Select
Company Name Roclgy Mountain Neuroscience, Inc. Oho . “No LOQO”
52:;;:; Address Line 1 | 4521 South Seminal N - Click on the
Name and Address Line 2 G'“'T'a” 'Slgnam;e — Signature
Address ol o ; ST O Manual box,_then
Information Gty |San Diego State |CA S Nawgate
in the to the _jpeqg,
Correct Fip Code | 92101 Country | USA Clinician Name (e.g. John Dog) -Png 9f
Boxes Joh Dos .bmp file
Phone |(519) 624-2322 Fax | (619)624-2323 OR Select
Title (e.g. Ph.D.. QEEG-D, BCIA, ECNS) “Manual”
Email |geeg@mmsc.com Ph.D., GEEG-D, BCIA, ECNS
Click to Enter the
Save Reset Clinician's
Company h Name and
Information Title Info

Generate Report

/‘

Click Generate Report after Entering Information & Sections are Completed

Click Cancel to Return to Option Panel

Warning Message Before Proceeding.... The Final Screen appears to remind you to make sure
High Quality EEG Data has been Selected for Analysis. Also, make sure that the Company
Information you entered is accurate, and Logo & Signature are of a desirable size by using the
Demo Procedure laid out above. Click the "No" button if you are uncertain about the Report
Options selected or the Edits that were Selected or the Average Test Retest Reliability of the
EEG Data Selected or any of the Company Information the user Entered or Size of Logo and/or
Signature that was Selected. Once the "No" button is Clicked you will return to Header panel,
where you can select a different Company's Info or make and save any Company Info
changes. Else Click the "Cancel" button to return to the Options Panel where you can either
select or deselect options or Click on the "Cancel" button to review or make further Edits to
EEG data.
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B WARNING!

Make sure that the EEG data meets high standards and that you
are ready to produce a final clinical report. If uncertain then
click Mo to return to the Header panel,

Once you proceed then there will be a decrement in the number
of clinical reports remaining!

Once the "Yes" button is Clicked a Decrement of the Per Use Account Counter will Occur.
NOTE: Any attempt to click on or move the Word document while it is being generated will
result in an incomplete Report, as well as, a Decrement in the Per Use Account Counter.

B WARNING!

Make sure that the EEG data meets high standards and that you
are ready to produce a final clinical report. If uncertain then
click Mo to return to the Header panel,

Once you proceed then there will be a decrement in the number
of clinical reports remaining!

After the last page of the Word document has generated, click on the Word document and
immediately click File > Save As then navigate to the Patient's folder and rename word
document.

Document1 - Microsoft Word = B

File | Edit VWiew Insert Format Toels Table Window Help Type a question for help - X

Close ? 44 Nomal+Bold - TimesNewRoman - 12 - q[B|s U [E[E==1iz-12=E #-A-2 82 02
SO 3 ! 4 I

fi Save As.. x |---§---|---1---| B - B S vy
Page Setup...

& Print..  Ctrl+P
Exit

¥ ]

Rocky Mountain Neuroscience, Inc.

4521 South Seminal, 5an Diego, CA 92101 USA
Phone: (619) 624-2322 Fax: (619) 624-2323 Email: qeeg@rmsc.com

Then Modify, Add or Delete text and/or pages until the Report meets the users needs, then
Save the Modified Report. Also, the User can Export or Save the files as a PDF, depending on
what version of Word the user owns. Print all of the report or a subset of pages and create PDF
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outputs as part of the Patient's clinical record.

Annotation Tool

Use Annotate Tool to Examine peak-to-peak features of the EEG such as amplitude in
microvolts (uV) and time

& Lexicor NRS-24 Demo b e

Eile Edit | Eiew| Collection Montage Analysis

Scale [uh  Polarity 3

- G0.00 EEG Tracings b
Edit Tirrn Gridl Y
00:00  Edit Selections Intensity 3

¥ Display Event Markers

Devrmed22
Dizcovemn Display Event Table

Digcoverny_ ]
Fpl-F3C3  Eilters...

ﬂﬂ Derrvatives k

PSS Rymamic T *

LongTrang  Dynamic JTFA..

Minda®E  punamic Bi-

————— LW pectrum 3
Split Hal

Colar Map Settings...

Edit Data

Event Marker

v Amplitude Marker

Bitmap Screen Capture
LORETA Time Domain Capture

Press the left mouse button and drag over the EEG segments of interest and read the
instantaneous microvolt values (uV) or microampers (uA) in the CSD montage. To Erase the
annotations, press the right mouse button and drag over the annotations to be erased.
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i Lexicor NRS-24 Demo T -y W et o = |
File Edit View Collection Montage Analysis Report MeuroStat Options Help
Scale [ut]
- 50,00 FP1-LE ,\/—\J/\_‘/\/_J\/-\mj\_\jw.f 2“.‘35‘”“ “l'-(‘k.\_.. 0.6E = MWNM\W"\[[\H-{D_M LI"-.-"“‘-M,—-"\‘:
Edit Tirme Fpg LEMM\J - Y
Qa0 : AT U AZE o
: M'WWM\/W s
Hontege WWWUWWHK
Deymedz? - F3-LE ,v\/\/\,_[\/‘fV‘\/J 6.95 ﬂ; -15.44 u VJ\
Discovery : WWFW\W\,/\J\J“
Dizcovery 19 _|| F4LE M’ 11.26 oy E1E2T U
Fpl-F3C3Pa) Y N A
Laplaci I 3 ﬁwmﬁwv‘\w\ :
: C3-LE .
: ; W\/\/\/‘/\"\\f 12.22 uv 18,85 v ‘\/"r\
Long-Emerzor f l“\f\n
LongBF C4LE FOAS UV 34 54 oW \J\
Lu:_ungTranBF' Vo LA
MindalB pr.LE W\/\/\//\J\ 1983 W*V'\N\,,.J\A/\/VWWM/” 1547 WG nf
Split Half H“". T '\f\,\. ¥
P4LE 36,97 uv WJWWW 3118 uy
\/V\/\/w{\ K v
01-LE 21.43 UM\N\/MWWWN‘HEES e
- R u =3 u
Pt w‘".l e
0z-LE \/N—\/M 3665 0 ABE1 uY A
F7-LE ,\/\[\\-/_/“VJV'\/"-"’k\/"'/lJ VMMWWHI\
- 240w 1492 0
b 1 uy u w[_/\
F&-LE /\/WMJMB W \VJ\WWWMQ?D?E W
P . u - . u
n SNAVEE
A
T3-LE ,\/J\\/\J\,«/\/\f’\f\\/f 2.08 Y ’W\’W\WWJ B3V
A Fin
Test Fetest U W'r 12.55 uv WWMW 4933 0 w
- u N -
A
T&-LE WM-’ 14,495 uy uﬁv\ﬂwmﬂwwm 052 W e
M L
T6-LE W\‘\—\ 1279 oy 4202w
- oo
Fe-LE 815 Mﬂwﬂh
z- CRERNY 688 oW
M o Vb
- he
Cz-LE M 15,54 o WMV’\/"\W R EE U Vf\
w '|-|' "
e ™A
Pz-LE W\/\/\/\H\ 24.01 uv %WWW 2328 0V u\/f\
Vol W
Display Time 00: 00 ;0 (W, on:
Cr B
-
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Artifact Free Manual and Automatic EEG Selections

The complete entire EEG record must be viewed by clicking end and page down and page up
and home and by arrow keys and by moving the wiper at the bottom of the screen. Conduct a
careful visual examination of the EEG record to detect epilepsy and gross pathology as well as
to identify artifacts. The goal is to avoid selecting any artifact and instead to only select artifact
free segments of EEG. There are three methods of obtaining Artifact Free Selections:

1. Manual Selections are obtained by pressing the left mouse button and dragging to
select, press right mouse button and drag to erase;

2. Artifact Free Template Matching; and
3. ZScore Artifact Free Selections.

All three methods can be used and manual selection takes priority over all methods of artifact
free selection. That is, left and right mouse button dragging will override all other methods.
View the Length of EEG Selections in seconds and View the dynamic Reliability Measures of
the EEG Selections.

Manual Selections of Artifact Free EEG

Depress the left mouse button and drag it over the sections of EEG that do not contain eye
movement or muscle or drowsiness or head movement or any other type of artifact. Select at
least 60 seconds of artifact free EEG data as shown in the Edit Time counter (upper left of
screen). If a mistake is made, then right mouse click and drag over the EEG traces to erase a
selection. View the test re-test reliability which must be at least 0.90. Scan the EEG record and
select real and valid EEG and avoid selecting artifact.
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P Lexicor NRS-24 Demo = =
File Edit View Collection Montage Analysis Report MeuroStat Options Help

Scale V)
A copn ||FPHE WWWMWWMWWM

w
Li LA Iilll A l.rjhlnl.
Edit Tme |7T-1F : -

00:59 "ix Edit Time in Minutes : Seconds
Mortage FALE Pt TP i TR o ey o L it J e T PP, T
VAN NNV NN AN NN AANA

fSpIit-HaIf Relibility

A ara e el S e g b R L e et

s P a s h

TE-LE :}r * *
Test Re-Test Relibility

T T 3 T )

Display Time 00:00 00:01 00:02 00:03 00:04 00:05 001

Then click View > Dynamic FFT > Absolute Power and depress the left mouse button and drag
over the power spectrum at the top right of the screen and do the same to the lower right
screen.
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Eiew|£u:u|lectiu:un Montage Analysis Report MNewroStat Options Help

Polarity » " Absolute Power (uY Sq)
EEG Tracings 3
Grid »

Edit Selections Intensity 3 WW“M y1 KT

¥ Display Event Markers
Display Event Table VU\/\)\W'\JA'WV\/V (e
Filters...
Derivatives r W
1 il

| Dynamic FFT / |V Absolute Power Spectrum _ ) s
Q’)‘”E‘m?CJTFﬂ--- Relative Power Spectrum : w Fr:__:l::rw[Hz}z':' 2 =
Dynamic Bi-Spectrum *  Absolute Amplitude Spectrum Ly .
) 10 Z Soore of Absolrte Power
Color Map Settings... v  Score Spectrum
¥ Edit Data Log-Log Spectrum Al e
Event Marker s T U i ]
Amplitude Marker e e e e > I
Bitmap Screen Capture Gt =14l
LORETA Time D'omain Capture Edit Selections v
ClE [l Py oy A
| ]
= 00:53 00:54 00:55 00:56 i) < R R R R R
| | Frequency {Hz)

Split-Half reliability is the ratio of variance between the even and odd seconds of the time
series of selected digital EEG (variance = sum of the square of the deviation of each time point
from the mean of the time points). Examine the average reliability and the reliability of each
channel as you increase the length of the sample and manually select different segments.
Selection of artifact free EEG should have a reliability > 0.95 and a sample length of edited EEG
> 60 seconds.
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=] Lexicor NRS-24 Demo = b
File Edit View Collection Montage Analysis Report MNeuroStat Options Helg

Scale {uV) i | Absolste Powsr (uV Sq)
a 50.00 FPI-LE [4. Z Score: _i}.?S m i 14
™1 : FPELE | Z Score: 0.65 - Y1
Edit Time F3LE | Z Score: 0.31 ﬂwwmw%mwm vl
02:26 F4LE |4 Zggq_re: 0.81
Montage | caie | 7 Score: 0.32
gi:n”gd | case s Zspng: "2.911 WWW iy
Deymed19 PI-LE z .":':Fore: “?I.SEP
Bﬁ’ggﬁgf PALE || Z Score: 2.91 J‘WWMMHAWUW“ b
Discovery_19 CiiE ZﬁScore: *‘%‘45 Z Scores
i OZLE pu £ SEor_e: 1.59
FT-E |4 Z Score: 0.78
LongTranBP . | F&LE p4 £ Score: 0,29
Split Haff THLE [+ £ Score: 0.78
i in|| THLE |~ 7 Score: 1.87
TSLE Z Score: 049
TELE 4 Z Score: 1.50
FzLE y 'U‘.'U‘rS

15 20 5 30
Freguency {Hz)

Z Score of Absolute Power

Split Half Reliability m :: | |*———2Z Scores

il etfmn A g g A
Test Re-Test Reliability L
i

Z Score:

Display Time 00:08 00:09 00:10 00:11 0: & P S P
] G |— 1 Freguency {Hz)

Test re-test reliability is the ratio of variance between the first half vs. the second half of the
selected EEG segments (variance = sum of the square of the deviation of each time point from
the mean of the time points). Test re-test reliability >0.90 and a sample length of edited EEG >
60 seconds is commonly published in the scientific literature. Test re-test reliability is an
excellent statistic to compare Brain state changes such as drowsiness as well as the
consistency of a measure independent of changes in brain state.

One can clear all the manual EEG Edit Selections by Clicking Edit > Clear All (Mouse
Selections) or by Clicking Edit > Clear All Selections and Rejections.

Edit|£iew Collection Mentage  Analys
Select All (Mouse Selections)

| Clear All (Mouse Selections) [

Automatic Editing...

JTFA Selection...

Clear ITFA Selections

or Llear All Selections and Rejections
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Automatic Editing Tools

To Activate the Automatic Editing Tools.... Click Edit > Automatic Editing

Edit | View Collection Meontage Analys
Select All (Mouse Selections)
Clear All (Mouse Selections)

| Autornatic Editing...
ITFA Selection...

[~
Lag’

Automatic Edit Selection - Z Score Artifact Free Selections

Deselect all of the Template items on the left side of the panel, i.e., Template Artifact Rejection
and Template EEG Selection. Retain all of the default Z Score Artifact Rejection selections on
the right side of the panel and click Generate Edits to make artifact free selections. Default for
eye movement and drowsiness selection is 'High' which is the most sensitive setting and 1.5
standard deviation threshold for the Amplitude Multiplier. The Z Score of 1.5 standard
deviations means that if at least one second of successive instantaneous Z Scores are equal to
or less than 1.5 standard deviations then a selection is made. Visually examine the EEG
selections and test re-test reliability and the Edit Time. Save the edits by clicking Edit > Save
Edit File. Then click 'Clear Edits' and experiment by changing the sensitivity and/or amplitude
multiplier and click 'Generate Edits' and re-examine the EEG selections to verify that no artifact
has been selected and that representative samples are made. Select a different start time and
duration and save the edits by clicking Edit > Save Edit File and compare the clinical
interpretation and stability of selections by clicking Edit > Open Edit File. Visually verify that no
artifact was selected and that the clinical interpretation is the same no matter what selections
one makes as long as the arousal state is the same (e.g., no drowsiness or sleep, etc.). The
goal is to make multiple artifact free selections (2 to 3) and verify that no matter what artifact
free selections are made the same clinical conclusions are obtained. This is another form of
test re-test reliability. For example, if probabilities of 0.01 (i.e., 2 st. dev.) are obtained by three
independent selections then the probability of finding this is 0.01 x 0.01 x 0.01 = 0.000001
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A Automatic Editing = =
Template Artifact Rejection Z Score Atifact Rejection - -
() Drowsiness {® High @ Drowsiness oo Auto.matlc
a Artifact
[_) Bye Movement () Medium (®) Eye Movement w High REjECtin‘I and
) Low (®) Muscle Selection of
u_?er srlfdefd Artifact Free
emplate o
Artifact Free Template EEG Selection Z Score EEG Selection r—| EEG Based on
Instantaneouos
EEG Samples (") Amplitude Selection (@) Amplitude Selection Z Scores
. o
Amplitude Multiplier Z Score Threshold
=11.00 12.00 r 2
s - 2 Select the
Rapidly S Start Time
Generate (@) Usze Time Constraints Selection Start Time Selection Duration and the
Selections =[]g=[ =[738 =[] Duration of
to Verify Artifact Free
No Artifact " Gorerae Edts Glar Edis Gose Selections
Has Been e T N_ L
Selected

[Rapeil:ll‘_n,nr Clear All EEG Selections } [Clnse the Panel & View the Test Re-Test Reliability

If one wants to use the template method of automatic artifact free EEG selections then deselect
all of the Z Score items on the right side of the panel, i.e., Z Score Artifact Rejection and Z Score
EEG Selection. The select the template Artifact Rejection selections and click Generate Edits to
make artifact free selections. Default for eye movement and drowsiness selection is 'High'
which is the most sensitive setting and 1.00 for the Amplitude Multiplier. The amplitude
Multipler of 1.00 means that the template is match one-to-one to the RMS amplitude of the EEG
recording. If the RMS amplitude is equal to or less than the RMS value of the template then a
selection is made. Visually examine the EEG selections and test re-test reliability and the Edit
Time. Save the edits by clicking Edit > Save Edit File. Then click 'Clear Edits' and experiment
by changing the sensitivity and/or amplitude multiplier and click 'Generate Edits' and re-
examine the EEG selections to verify that no artifact has been selected and that representative
samples are made. Save the edits by clicking Edit > Save Edit File and compare the clinical
interpretation and stability of selections by clicking Edit > Open Edit File. The goal is to make
multiple artifact free selections (2 to 3) and verify that no matter what artifact free selections are
made the same clinical conclusions are obtained. This is another form of test re-test reliability.
For example, if probabilities of 0.01 (i.e.,, 2 st. dev.) are obtained by three independent
selections then the probability of finding this is 0.01 x 0.01 x 0.01 = 0.000001

Both Template and Z Score Methods can be used simultaneously. To test and to create a
different selection of artifact free EEG to further verify high test re-test reliability click Close and
then re-open the Automatic Editing panel (click Edit > Automatic Edit) and click 'Generate
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Edits'. Then save these edits and compare to the Template alone and the Z Score alone
methods of selecting artifact free EEG data. Repeat artifact free selections two or three times
with different thresholds and/or settings and verify that the deviant Z Scores linked to a
patient's symptoms are the same. Repeated selections can occur in a few seconds and
thereby create a high degree of statistical reliability. For example, three repetitions at P < .05 =
0.000125 and at P < 0.01 =0.000001. Read the next section on how to create Dynamic FFT Z
Scores and how to link patient symptoms to functional networks in the brain.

Repeat Artifact Free Selections three times and verify that the your
clinical conclusions based on deviant Z scores and brain locations

do not change and therefore achieve high test Re-Test reliability. For
Example with three repetitions the probability = P < 0.05% =0.000125

. o . Save Edit File
- o SN P e Change Thresholds
e — S Repeat Automatic Edit

ep Vi

ST

Repeat Automatic Edit Three Times
Verify Same Clinical Conclusion
Independent of Artifact Free Selection

F
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Bi-Spectral Analyses

The NeuroGuide Bi-Spectrum Normative Database is an add on product that only works with
NeuroGuide version 2.5.4 or later. The Bi-Spectrum Normative Database must be downloaded
and installed separately. See How to Install the Add-On Normative DatabasesD™ located in the
InstallationsD** section of the Getting Started™ part of this Manual, before attempting to view
Bi-Spectrum Z Scores.

The Bi-Spectrum is made of up two parts.

One is the Bi-Spectrum of the instantaneous time series of absolute power, relative power,
amplitude asymmetry, coherence, phase differences and phase reset (1st derivative of
straightened phase) is accessed by clicking View > Dynamic Bi-Spectrum. The Bi-
Spectrum of the instantaneous time series provides information about the frequency of
bursts and the frequency of changes in coherence and phase and phase reset over long
intervals of time. The frequency range is from the Infra-Slow 0.03 Hz to 5.0 Hz and a log-log
plot or a simple linear plot option is available.

A second part of the Bi-Spectral analyses is obtained by clicking Analysis > Bi-Spectrum
which provides the Cross-Frequency Bi-Spectrum using the correlation function of power
over time and by using the 2nd derivative of the phase synchrony across frequencies or
cross-frequency phase synchrony or n:m phase synchrony. The cross-frequency phase
synchrony is measured in terms of the duration of phase locking and the duration of phase
shift.

To view the Bi-Spectrum of the instantaneous time series, Click View > Dynamic Bi-Spectrum >
Frequency Band and then select a desired Frequency from the list.
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g Lexicor NRS-24 Demo = B
File Edit | View | Collection Montage Analysis Beport MeuroStat Options Help

Scale U\ Polarity 4
+ 5000  EEG Tracings ’ WM\WWMWWW%
Bt T Grid > A A W Pt
02:33  Edit Selections Intensity ]
ortags | A Ay A5 it
o Display Event Markers \“&WMMWWMW
Default Display Event Table
Deymed i
Deymed1d  Eilters...
Deymed2Z  perivatives 4 \WMWWW
Discoveny
Discovery_  Dynamic FFT v
La .
HE ... DynamicJTFA... \l P A AT YL WW
LongBP | Dynamic Bi-5pectrum P Absolute Power
Split Hat - N ] P Wil P g
HE T8 Color Map Settings... Absolute Amplitude
FP1 0.9 . : g g
= « Edit Data Amplitude Asyrmmetry
F3 0.99 Event Marker Coherence WH%MMWMFK
E‘é [I;?E" Amplitude Marker Phase (Absolute] V’JWWWU\(UW
C4 038 Bitrnap Screen Capture Phasze Feset
P3 097 . . — RN L LA )
P4 1.00 LORETA Time Domain Capture | Frequency Band b Delta

01097 " T ree gyl gl o
Test Retest Linear Plot ¥ Theta t
EE WWWWW ¥ Log Plot Alpha
FPT 0.96 _ : Bets
P2 095 || TE et i Sl Bi-Spectrum Report » B
F3 097 High Beta
F4 096 FlE WWWWWWWW
C3 098 Gamma
C4 0.36 =z WMMHWMWVWW Alpha 1
P3 099
01098 . Beta 1
Display Time 00:05 00:06 00:07 00:08 Beta2
- 3 i Beta 3

| #eerice

Example of Bi-Spectrum of Instantaneous Absolute Power Time Series of the Theta Frequency
Band - 0.03 Hz to 5 Hz with the FFT Spectrum Plot on the Top Right of the Screen and Z Scores
on the Bottom Right .
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ik Lexicor NRS-24 Demo = =
Eile Edit | View | Collection Montage Analysis Report MeuroStat Options Help
LV Sg)  Polarity 3 = Absolute Amplitude
: 13300 EEG Tracings 3
Edit Time Grid »
0233 Edit Selections Intensity 3
Morrtag
o v Display Event Markers
" Display Event Table
LongTrang  FEilters...
microEEG2 e
Mindo 16 Derivatives 3
Mindo32 ic FET » .
Mindo4 Dynamic 3 H
Mindo8 Dynamic JTFA.. T DA T [T e T A e Frequency {Hz)
M'nsdﬁ:t:IEJ Dynamic Bi-Spectrum ¥ |¥ Absolute Power - i~ 1 . 7 Seore of Absslute Amplituds
plit Ha -
e fge”  LColor Map Settings... Absolute Amplitude B
FP1 0.96 F
FP? 096 v Edit Data Amplitude Asymmetry
F3 0.96 Event Marker Coherence
Test Rete  Amplitude Marker Bhase (Absclute)
: Bitmap Screen Capture Phase Reset {'
FP2 0.79 LORETA Time Domain Capture ;
F3 072 o P Erequency Band 3 l.'lm
T T v Linear Plot
Display Time 00:47 00-43 Log Plot T
i 6 Hl | Bi-Spectrum Report 3 Frequancy (Hz)

To view the Bi-Spectrum of Instantaneous Time Series of Phase Reset - Delta Frequency Band
with Log Plots. Click on View > Dynamic Bi-Spectrum > Phase Reset then Click on View >
Dynamic Bi-Spectrum > Frequency Band > Delta then Click on View > Dynamic Bi-Spectrum >
Log Plots
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g Lexicor NRS-24 Demo = =
File Edit View Collection Montage Analysis Report NeuwroStat Options Help
(Deq/cs) J. I 0z Log of Absolute Amplituds
[ r—— FFI-1E <
- M[H}
Edit Time Frsls
02:33 F3LE
Montage F4-LE
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Test Retest LT
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F3 0.93 e
F4 0.58 || PzLE
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-

Note, in the image above or on your screen that FP1-LE is flat and Background of the Lead
name is White, that is the reference lead...double click on the name P4-LE or another lead to
change the reference. Note the Instantaneous Time Series display in the middle and the FFT
Spectrum & Z Score Plots on the Right change.

@é

File Edit View Collection

Lexicor NR5-24 Demo
Montage Analysis Report MNeuroStat Options Help

- oI

i [Degfcs)

™~
-

44.00
Edit Time
02:33
Mortage

-

Deymed22
Discovery
Discovery_19

LongEP
Long TranBP
micro EEGZ1
Minda16&
Mindn 37

w

FP1-LE

FF2LE

FoiE Double click on a Lead to change

otk I the Bi-Spectral Reference for
Amplidude Asymetry, Coherence,

e Phase (absolute) or Phase Reset

C4-LE

F3LE

P4LE

01

O2-1E

o o e e

Log of Absolut= Amplitude

0.1

o

1.
Freguency (Hz)

Example of Bi-Spectrum of Instantaneous Time Series of Coherence - Delta Frequency Band
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e Lexicor NRS-24 Demo = B
File Edit | View | Collection Montage Analysis Report NeuroStat Options  Help
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: 10000 EEG Tracings 3
Edit Time Grid "
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Montage ¥ Displav E Mark
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Derivatives 3
LongTranB ; »
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1 I Z Score of Absolute Amplited
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Bitmap Screen Capture Phase Reset
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To Generate a Bi-Spectrum Report of the Instantaneous Time Series with Topographic Color
Maps and Tab Delimited Output. First click View > Dynamic Bi-Spectrum > Bi-Spectrum Report
and select either Raw Scores, Z Scores or both. Then click View > Dynamic Bi-Spectrum > Bi-
Spectrum Report > Generate Bi-Spectrum Report
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Click Analysis > Bi-Spectral Analysis > Cross-Frequency Power Correlation
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Eile Edit View Collection Montage | Analysis | Report MeuroStat Options Help
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™ 5000 FFZLE "\"""—'”y.u"‘-""/‘mjb“ EFT Power Spectra ¥ Cross-Frequency Phase Reset L h
Edit Time b _—
: FIE sy Sroasons:  LORETA Contour Map Settings... v LE
0208 F4-LE W Gabor Adaptive Spectrogram... T oL AT ;VE
ElE MeuroBatch... ESD
| emDD CHLE ) A A T A A B ey D

Select the Contour Map Settings by Clicking Analysis > Bi-Spectral Analysis > Contour Map

Settings
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g Lexicor NE5-24 Demo -
Eile Edit View Collection Meontage | Analysis | Report MeuroStat Options  Help
. Scale V) | o W' Bi-Spectral Analysis *  Cross-Frequency Power Correlation »
- 50.00 EEZAE ML"“'.’M EFT Power Spectra *  Cross-Frequency Phase Reset r
Edit Time »
. FRLE [y LORETA | Contour Map Settings...
0208 gy WW” Gabor Adaptive Spectrogram... 3
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CALE [~ it e
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MeuroBatch...
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To Set or Change the Cross-Frequency Power Correlation Contour Map Settings select the

Power Correlation Tab

Select Automatic

$ K2

Power Comelation IPhase Heset]

Contour Map Settings

Raw Contour Maps

Individual Scaling

»(_) Automatic Individual Scaling

or Global Scaling

Range of Correlations

Manually Select the —————p () Probabilty Level Scaling
Range of Probabilities Probability Leve

Examples of the output from the Bi-Spectral Cross-Frequency Power Correlation.

T () Automatic Global Scaling

Maximum
< 0.40

Minimum

51020

1510.010

In the

Analysis Output Window Click Save > Bitmap Graphics Files to save the bitmap images and
Click Save > Tab Delimited Text to save the text data.
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CROSS-FREQUENCY ANALYSES OF BRAIN STATE
AWAKE DROWSY SLEEP - STAGE 1

CROSS-FREQUENCY POWER CORRELATION
LEFT PARIETAL - P3 RIGHT PARIETAL - P4

P23 Cross-Frequantcy Power Cormslation P4 Cross-Frequency Power Comslation
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Bi-Spectral Cross-Frequency Phase Reset (cross-frequency phase shift duration and cross-
frequency phase lock duration). Click Analysis > Bi-Spectral Analysis > Cross-Frequency
Phase Reset > Raw (or select Z Scores in the future)

o Contour Map Settings K3
Power Comelation I Phase Reset |

; Raw Contour M
Select Automatic aw Lontour Maps

Individual Scaling P () Automatic Individual Scaling
or Global Scaling —

— () Automatic Global Scaling
Manually Select the —————— (@) fiiznual Giobal Scaling!
Range of Correlations Minimum Maximum

o020 2 0.40

Manually Select the ———— () Probability Level Scaling
Range of Probabilities Probabiity Leve

To Compute Cross-Frequency Phase Shift Duration and Phase Lock Duration... Click Analysis
> Bi-Spectral Analysis > Cross-Frequency Phase Reset > Raw

g Lexicor NRS-24 Demo - u
File Edit View Collection Montage | Analysis | Report MeurcStat Options Help

Scale {uV) FR1LE W| Bi-Spectral Analysis *  Cross-Frequency Power Correlation r I\JN_;\/L‘M
~ 5000 FPAE Lo fpe EFT Power Spectra ¥ | Cross-Frequency Phase Reset " Raw
Edit Time . -
FHE [y o LORETA Contour Map Settings... -

2:08 F“‘LEWM‘* Gabor Adaptive Spectrogram... e T AT L.:va

CILE
MeuroBatch...
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In the Analysis Output window Click File > Save > Bitmap Graphic Files... then provide a File
Name and save the Bitmaps in a sub-folder inside of the Patient's and/or Subject's folder.
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b Analysis Output Window - O

Eile | Edit

—

| Save * | Bitmap Graphics Files...
Tab Delimited Text...

%

Also save the Tab Delimited raw values in the Patient/Subject's folder by Clicking File > Save >
Tab Delimited Text ...then provide a File Name.

o Analysis Output Window - B
File | Edit
| Sove *  Bitmap GraphicsFiles..  Frequency Phase Lock Duration
Close | TabDelimited Text..
FP1 N Fp2
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01 Cross-Frequency Phase Shift Duration

FP1 FP2

-1+ an
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Bitmap Screen Capture

Use the Bitmap Screen Capture tool to screen capture events and features in the EEG record.
For example, gross pathology, epileptic spikes, phase reversals, delta or theta waves, etc.
Open a Word document or clinical report and then paste into the report.
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Click View > Bitmap Screen Capture

i Lexicor NRS-24 Demo [N

Eile Edit | Eiew| Collection  Montage Analysis

Scale W\ Polarity 3
» G000 EEG Tracings »
Edit Tim  Grid Y
0000 Edit Selections Intensity r
Montagt” bisplay Event Mark
Deymed22 Display Event Markers
Dizcoven Display Event Table
Discoveny_ ]
Fpl-F3-C31  Eilters...
Dervatives »
.Lnng-Emerz O ic EET b
LongEP _:,rnam!c
LongT ranB Q:.mar‘mc ITFA...
MindoT6 Dynamic Bi-Spectrum ]
Split Hal

Caolar Map Settings...

Edit Data
Event Marker

Amplitude Marker

|~" Bitmap Screen Capture |
LORETA Time Domain Capture

Depress the left mouse button and drag over the event of interest and note the dashed lines
that represent the boundary of the screen capture.
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R e W W A W

FPZ-LE MMW“M

Fa-LE
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C4LE
P3-LE
P4LE
01-LE
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F7-LE
Fa-LE
T3-LE

Copy
T E bl HM ,J'fﬂ"l,ﬁ N HHMWWTJ

Right mouse click to open the Copy button and then click the copy button to save the screen
capture to the clipboard. Paste the clipboard screen capture in a Word document or clinical
report to highlight and illustrate events of interest.

Brain Performance Index

The Brain Performance Index (BPI) is based on EEG discriminiant analyses of 442 subjects
primarily age 5to 18 a grouped based on 1.Q. scores that ranged from < 90 1.Q. (low group) and
> 120 1.Q. (high group). The intermediate group was used to cross-validate the discriminant
functions. A multivariate regression equation was developed based on the best EEG
predictors of 1.Q. scores and correlated 0.57 with full performance 1.Q.

The BPIlis a measure of the efficiency of neural resource allocation and is not a substitute for a
neuropsychological examination. It is an adjunct to standard neuropsychological evaluations
and is useful for individuals with a history of academic problems and a non-significant learning
disability discriminant score but with possible focal or spatially localized dysregulation in
nodes and connections in the brain. The BPI provides information about both general and
specific learning disabilities by estimating the efficiency of information processing. Go to
www.appliedneuroscience.com/Articles.ntm and Download the study that the BPI is based on:
EEG and Intelligence: Relations Between EEG Coherence, EEG Phase Delay and Power
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To activate the Brain Performance Index (BPI), Click Report >

Beport | MeuroStat Options  Help

Report Selection

| Report Selections...

Color Map Settings...

N

Generate Report...

Create Symptomn Check List Match
Symptom Check List Protocol Creation...

Select Brain Performance Index under Predictive Functions
After you have finished Click OK to close the Panel.

@

Report Selections

Connection Maps

(®) Subject Information (@) Amplitude Asymmetry () Leaming Disability

(®) Technical Information (®) Coherence
(®) Phase Lag
(@) Summary

Color Maps Spectral Values Predictive Functions

(@) Absolute Power () Absolute Power

Digcriminant Functions

() Traumatic Brain Injury

’7@] Brain Performance Index

of the Report Selections Panel.

Connectivity Suite
() Amplitude Asymmetry
() Coherence

() Phase Lag

(") Cross Spectral Power
() Instartaneous Connectivity

() Lagged Connectivity

("] Relative Pawes (). Relative, Power

-

Load Save Default () Faw Scores

(@) Z Scores

Cancel (@) Page Numbers

_Raté of Phade Saift

In order to Generate a Report that includes the Brain Performance Index the Subject/Patient
must be between 5to 18 years of age, else you will receive an message and the Report will not
contain the BPI Analysis Outputs. To Generate a Report that includes the BPI Click Report >

Generate Report

Report | MeurcStat Options  Help

Report Selections...

Color Map Settings...

| Generate Report...

Create Symptom Check List Match
Symptom Check List Protocol Creation...

N

Here is an example of the BPl analysis output panel
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Brain Performance Index (BPI) Analysis Output
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Click File > Save > Bitmap Graphics Files... and Save the Report Analysis Outputs as Bitmaps
in a sub-folder in the Patient/Subject's Folder.

% Analysis Output Window S

File | Edit

| Save *| Bitmap Graphics Files... L\@J
Print Tab Delimited Text...
Cloze

Click File > Save > Tab Delimited Text... and Save the Report Analysis Outputs as Tab
Delimited Text File in the Patient/Subject's Folder.
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v Analysis Output Window - |
File | Edit

| Save *  Bitmap Graphics Files...
Print | Tab Delimited Text...

Cloze

BrainSurfer

BrainSurfer is a Brain-Computer-Interface (BCI) method to operantly modify the sources of the
EEG. The term Brain—Computer Interface (BCI) is atype of EEG biofeedback or neurofeedback
(NFB) procedure in which particular EEG activity is detected and then subjects are trained to
increase the probability of that EEG activity linked to a device like a computer display or robot
or prosthesis. BCluses the same physiological principals of operant conditioning as with EEG
biofeedback to increase the probability of occurrence of a particular EEG event or feature. BCI
differs from EEG biofeedback by the use of a continuous control loop between the brain and
physical device or prothesis and focusing primarily on modifications of motor cortical-
subcortical networks. For example, in NFB when a given brain event reaches threshold then
a feedback signal is delivered (sound or visual display or DVD, etc) to reinforce the brain event
at that moment in time. The goal is to modify the synapses involved in producing a given brain
event and to achieve increased stability in networks linked to symptoms. BCI also involves
modification of a selected brain event but the goal is to control an external device such as a
computer screen or robotic arm, etc. using continuous feedback and not turning on or off a
feedback signal. Thus, both involve operant conditioning but with a different emphasis on the
way that an external device is related to the brain.

BrainSurfer is the patient's own brain rendered by an MRI that provides real-time and
continuous feedback about the stability of nodes and connections between nodes in networks
of the brain linked to the patient's symptoms. A discrete feedback signal is not used, instead a
moment-to-moment continuous closed loop between the patient and the patient's brain is used
as the feedback signal and the goal is to modify the brain to reach increased levels of stability
and information processing efficiency in particular networks. Brodmann areas are considered
as nodes and the cortico-cortical white matter axons are the connections between the nodes.
Reinforcement of increased stability in dysregulated nodes and connections between nodes is
achieved by real-time LORETA Z Scores. As explained previously, extinction of extreme Z
Scores that indicate dysregulation and reinforcement of increased stability and efficiency is
likely to result in increased information processing in modules and hubs linked to the patient's
symptoms. A clinician can zoom inside of the 3-D rendered brain to a specific node or a
specific connection between nodes to increase specificity of instrumental learning in particular
Brodmann areas or functional connections between Brodmann areas in real-time. Both
conscious strategies and subcortical unconscious processes are involved in BCland NFB.
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3-Dimensional MRI Volume Dynamics of Real-Time EEG. sSLORETA is used to compute the
time series of current density from the center voxel of each 88 Brodmann Areas. The location
of the center voxel of each Brodmann Area is assigned a 3-Dimensional Talaraich Atlas
coordinate in the interior of a MRI Volume. One can view the 3-dimensional current sources
inside of the MRIvolume by rotating the volume and making the rendered surface transparent.
BrainSurfer computes real-time sLORETA from the center voxel Brodmann Area Current
Density, including Surface and/or Node views. BrainSufer also computes real-time functional
connectivity Z Scores of Coherence, Phase difference, Phase Lock Duration, Phase Shift
duration between Brodmann Areas.

To activate BrainSurfer, click Collection > Hardware Selection and then select the amplifier that
is used to collect the EEG. Then click Collection > Setup & Monitor and OK and observe the
EEG traces moving across the screen. Click Collection > Record if one wants to save the EEG
during the BCI procedure. Click Collection > BrainSurfer to activate the BrainSurfer protocol
panel.
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BrainSurfer - Opening screen. Move the control panel down and the BrainSurfer image to the
left. Expand the BrainSurfer image or re-size the image. Take a test drive and rotate the brain
left, right, up and down and click zoom in and then zoom out.

Click Session Rounds to Set the Number, Duration and Delays Between Rounds.
Click Progress to view the Percent Metrics during a Session
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Transparency

Click the Session Rounds tab in the protocol panel to activate the session rounds panel. The
Total Training Duration = number of rounds x round duration. For example, 8 rounds each at 5
minute duration = 40 minutes. Session duration = total training duration + inter-round delays.
For example, 8 rounds each with 30 second delays between rounds = 43 minutes and 30
seconds for the session duration. Round restart method can be automatic or manual and all of
the round settings can be changed. When the Apply button is clicked in the settings panel
then the Begin Session button will become active. To start the training session click Begin
Session in either the session round panel or the protocol panel.
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Rowrds Number of Rourds x Round Duration = Training Dusation

Session Duration = Training Duration + imer-Rowund Delays

=1 x|
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Session Progress

ezt
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Close Session * | | | | Cose 1

The Protocol Control panel is automatically populated by the symptom check list selection
described above. One can manually select Brodmann areas and metrics and frequency, etc.,
however, it is recommend to use the symptom check list to link symptoms to Brodmann areas
and connections between Brodmann areas that are dysregulated. The goal is to reinforce
toward Z = 0 which in order to reinforce toward greater stability and efficiency in the relevant
nodes and connections of networks.
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The Protocol panel shows the metrics and frequencies in the BrainSurfer protocol as well as
providing controls over the degree of transparency or zoom in or zoom out or move the
rendered brain. Also, there are controls to set the Z Score threshold in which a fixed 1
standard deviation band is operating where a Green color is present when the sLORETA Z
Scores are equal to or less than the Z Score threshold, Red is when the Z Scores are 1
standard deviation or greater than the threshold and Yellow appears when the sLORETA Z

Scores are between the lower Z Score threshold and 1 standard deviation above threshold.
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Green is Equal to or Less than Threshold  Yellow is 1 Standard Deviation above Threshold

Red is Greater than 1 Standard Deviation above Threshold
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Transparency =0 Transparency =50%

Transparency = 100%
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Surface is Green At or Below Threshold Select Nodes (Brodmann areas) Only

Select Connections Only Select Both Nodes and Connections
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Zoom in a Little
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Zoom in Maximum to target a specific node or connection
View the progress of treatment in the upper left corner of the BrainSurfer display. Move the

mouse over a Node or Brodmann area and Right Mouse Click to Identify the Brodmann area
shown in the upper right of the BrainSurfer display

View BCI Progress by Updates of the % of Metrics Right Mouse Click over a Node
at Threshold per Session, per Round & per Minute to Identify the Brodmann Area

Brodmann Area 13 K ;]f".

BrainSurfer - sSLORETA Functional Connectivity as Measured by
Instantaneous Coherence, Phase Differences, Phase Shift Duration and
Phase Lock Duration

BrainSurfer functional connectivity is activated by selecting either Coherence, Phase
Difference, Phase Lock Duration and/or Phase Shift Duration radial button in the Symptom
Check List panel or in the Protocol Panel. The real-time functional connections between
Brodmann Areas are then available at different frequencies and for different networks. Rotate
or size and zoom into the networks. Change the transparency to 50% to retain the outline of
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brain landmarks and view the network coherence or phase Z Scores in real-time. Perform
neurofeedback by making the green when the instantaneous Z Scores are equal to or lower
than the Z Score threshold. Activate sound feedback and view the counters for the percent of
total metrics that reached threshold in a session, round and per minute. Keep adjusting the
threshold toward Z = 0 and view that the percentage of metrics at threshold declines and then
watch the percentage increase as the subject learns to create the Green color. Repeat by
lowering the threshold toward Z = 0 in order to reinforce increased stability in nodes and
connections between nodes in networks linked to the patient's symptoms. The successful
BCl session will involve a series of sawtooth waves of increasing percentage of metrics that
decline and then increase again as the clinician lowers the Z Score threshold and the subject
learns to create the Green color again.

Percentage of Metrics at Threshold Declines as the Z Score Threshold is Lowered Toward Z2=0
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All comments and feedback are welcome.

Contact us at geeg @appliedneuroscience.com and tell us what you think.
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Playback Mode

BrainSurfer can be activated in Playback mode by clicking Collection > Hardware Selection
and then select Playback. Then click Collection > Setup & Monitor and OK to activate the demo
playback or to navigate to a subject's folder and select a previously recorded EEG and click
OK. When the EEG traces start to be played back, then click Collection > BrainSurfer to
activate the real-time Brodmann area Z Scores.
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Test CD DLL Devmed EEG 32ch
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MeuroField Q20
Meuran Spectrum
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TeXus-32

¥ Playback |

Symptom Check List BrainSurfer

Create a .scl file in NeuroGuide by selecting at least a minute of artifact free EEG (see Artifact
Free SelectionsD38) and then click Report > Create Symptom Check List Match (see Create
Symptom Check List Match)

Click Symptom Check List in the BrainSurfer Protocol panel and then navigate to where the
.scl file was saved (see Create Symptom Check List Match). The protocol panel is a control
panel by which one can manually select Brodmann areas, frequencies and metrics as well as
the rendered brain transparency, zoom and rotation. Also, the Z Score threshold and sound
controls are in this panel.
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BrainSurfer Protocol Panel — Use Manhual Selections of Brodmann Areas or
Use the Symptom Check List for Automatic Protocol Generation
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After clicking the Symptom Check List button, then navigate to the subject's folder where the
.scl file was saved and load the file. The symptoms check list panel will appear and then select
a single symptom that is most troubling and relevant to the patient and double click the
severity cell and assign a number from 1to 10. The Hypothesis panel is based on the fMRI,
PET and neurological scientific literature of studies linking symptoms to Brodmann areas and
network nodes (see www.anipublishing.com)
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Select a Symptom or ICN Adjust the Z Score Select Metrics
or Network, etc. for Entry to the Protocol
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Hypothesized Brodmann areas linked to Symptoms that Match the Patient’s QEEG

Increase the Z Score to select only the most deviant and dysregulated Brodmann areas and
connections between Brodmann areas (coherence, phase differences, phase shift & phase
lock). The match column are those Brodmann areas that match the hypothesized Brodmann
areas. Adjustthe ZScore selection to only include the most deviant Z Scores inside of the .scl
file. Then click OK to create a protocol of metrics and frequencies in locations linked to the
patient's symptoms.

Session Rounds

Click Session Rounds tab in the protocol panel to activate the session rounds panel. The total
training duration = number of rounds x round duration. For example, 8 rounds each at 5 minute
duration = 40 minutes. Session duration = total training duration + inter-round delays. For
example, 8 rounds each with 30 second delays between rounds = 43 minutes and 30 seconds
for the session duration. Round restart method can be automatic or manual and all of the
round settings can be changed. When the Apply button is clicked in the settings panel then
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the Begin Session button will become active. To start the training session click Begin Session
in either the session round panel or the protocol panel.

Rowds Nursber of Rounds X Round Duration = Training Duration
Session Duration = Training Duration + imter-Round Delays
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Intra-Session Progress Chart

After starting the session, then click the Progress tab to view the Intra-Session progress
charts.
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View the Instanmtaneous Z Scores
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Set the display time to Min/Max to view the extreme instantaneous Z Scores rather than the
average of 32 Z Scores in a second which can resultin small Z Scores.
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Inter-Session Progress Chart

After each BrainSurfer session close the session and then save the session in the client's
folder. The session files end in the extension *.bsf and will be automatically selected and used
to generate an Inter-Session Progress chart based on the chronological order of the sessions.

It is important that subject's sessions not be mixed with different clients and to save each
session in the same subject's folder.
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To Create an Inter-Session Progress Chart, click End Session and then
Click OK to the Brainsurfer Message. Save the .bsf files in the patient’s
Folder.

i NeuroGuide Message ﬁ
o g

Save BrainSurfer session data?
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Select or Deselect the Frequencies and Brodmann Areas to
Be Included in the Inter-Session Progress Plots
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After Plot Selections then Click Plotted Data to View the Inter-Session Progress Chart
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Burst Metrics

Click Report > Report Selections and then select Burst Metrics options to activate the Spindle
analyses and Burst Metrics which include the number of bursts/sec, average duration of bursts
(sec), average amplitude of bursts (uV) and average inter-burst interval (sec) for each
frequency band. Technical details of EEG burst metrics are at http:/
www.appliedneuroscience.com/Articles.ntm and then download Article "EEG and Brain
Connectivity: A Tutorial”
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A burstis defined as a significant departure from the baseline level of the instantaneous power
of the EEG in a particular frequency band (e.g.,> 2 sd) with a significant rise time and fall time as
measured by the 1st derivative. If this criteria is met then there is a "burst". The second
derivative is used to determine the intra-burst interval or the duration of the burst as well as the
full-width-half-maximum (FWHM). That is, the 2nd derivative measures the inflexion points of
the burst onset and burst offset. The inter-burst interval is the time between the falling phase
of one burst and the rising phase of the subsequent burst. Bursts per second are computed
by adding up the total number of bursts and then dividing by the total amount of time in the
selected record. The amplitude of a burst is the absolute amplitude at the peak of a burst as
defined by the 1st derivative = 0 or the amplitude at the maximum peak value of the burst.

Color Intensity of Edit Selections

Change the color intensity of the Edit Selections by clicking View > Edit Selection Intensity
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Connectivity Suite

Click Report > Report Selections in the Menu. Then select the Connectivity Suite to produce
the Full 171 combination maps of amplitude asymmetry, coherence, correlation ("co-
modulation"), cross-spectral power, cospectral power, quadspectral power, phase and phase
reset. The Connectivity Suite is an add on product to NeuroGuide. Technical details of the
Connectivity Suite are explained at www.appliedneuroscience.com/Articles.ntm and then
download Article "How to compute EEG coherence with a hand calculator”.
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Click Report > Report Selections and Connectivity Suite Options

¢h Report Selections

=

| @ Subject Information

@ Technical Information

@ Summary

Colot Maps
| @ Absolute Power
Relalive Power
Power R atio

Standard Bands
@ 1 HzBands

Cannection Maps

@ Amphtude Asymetny
@ Coherence

@ Phase Lag

Spectral Values
Absolute Powes
Felative Powes
Power Ratio
Peak Frequency

Amplitude Aspmmety
Coherence
Phase Lag

sove

IQKI

[ooes |

Defout |

Diescriminant Funchions
Leaming Disabilty

@ Traumatic Brain Injury

Predictive Functians

Bran Performance Index

Burst Metnics
MNumbes of Bussts
Burst Amplitude
Burst Durabian

Bust Interval

Raw Scores

@ Z Scores

@ Page Mumbsers

Connectivity Suite

Amplitude Asymmelny
Coherence
Phase Lag

Cioss Spectral Power
Instantaneous: Connectnaty

Lagged Connecirvily
Correlation [Comodulation]

Phase Resst

Phasze Resets per Second
Phage Shift Amplitude
Fhase Shift Durstion
Fhase Lock Duration
Rate of Phase Shift

Select the color scales for the Connectivity Suite under Report > Color Map Settings.

* Fixed Scaling uses the Min and Max of fixed values to adjust the color scales for each map

(e.g., Amplitude Asymmetry is fixed from -200 to +200).

* Automatic Global Scaling uses the Min and Max of each measure to adjust the color

scales for each map (e.g., Amplitude Asymmetry is fixed from -50 to +150).
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4 Color Map Settings

Auto Spectral | l £ Score ]

Connectivity Color Maps
(®) Fixed Scaling

() Automatic Global Scaling

Below is an example of the full 171 combination maps that are available in the Connectivity
Suite
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NeuroGuide Manual

Full raw score Coherence in the Connectivily Suile. There are 19 small
topographic maps comesponding fo the 1020 sysiem location inside of a single
head display. This map provides the full picture of all 171 electrode
combinations.

Thata Coherence

Q @
fQO*C*“
SPD0ee
"9 L 2
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Full Z Score Coherence in the Connectivity Suile. There are 19 small
topographic maps comesponding fo the 1020 sysiem location inside of a single
head display. This map provides the full picture of all 171 electrode
combinations and the full range of Z scores are available

Theia £ Scomed Coharence

The cross-spectrum is the sum of the in-phase potentials (i.e., cospectrum) and out-of-phase
potentials (i.e., quadspectrum). The in-phase component (Instantaneous Coherence) contains
volume conduction and the synchronous activation of local neural generators. The out-of-
phase component (Lagged Coherence) contains the network or connectivity contributions
from locations distant to a given source. In other words, the cospectrum = volume conduction
and the quadspectrum = non-volume conduction which can be separated and analyzed by
independently evaluating the cospectrum and quadspectrum.

Create Symptom Check List Match

Create a .scl file by selecting at least a minute of artifact free EEG (see Artifact Free Selections
D3“) and then click Report > Create Symptom Check List Match. The Symptom Check List
Match file (*.scl) contains about 5,000 Z Scores for absolute power, relative power, power
ratios, amplitude asymmetry, coherence, phase differences and LORETA current density Z
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Scores. Thefile is in binary format and designed to be imported into the Protocol panel for
Surface NeurofeedbackD™, LORETA NeurofeedbackP™ and BrainSurfer2®* Brain-Computer-
Interface modules.

i Lexicor NRS-24 Demo e ~S e —
File Edit View Collection Montage Analysis |ﬂepnrt | MeuroStat  Options  Help

Scale (L] Beport Selections...
v S00d FF1'LE’\/\"'\/\/-N’\/\_\/\/\' Color Map Settings...

Edit Tirme

0159 FRILE MW Generate Report... N
| Create Symptom Check List Match |
7| F3-LE

Mww Symptom Check List Protocal Creation...
F4LE (\/W\J’/WWM

C3-LE WM/\WWWW

Save the Symptom Check List File (*.scl) in the patient's folder.

Default
Devrned
Deymed!d |,
Devred22 |7
Digcoveny
Digooveny_19

F-4 FAacama

A subject database panel appears when you record a subject's EEG or before neurofeedback.
The database helps keep track of subjects and save time by saving subject information so that
one does not need to keep re-typing the same information. It is important to backup the
subject information file on a regular basis. Click Options > Subject Data Base > Create backup
and then navigate to a folder where you save the subject database.
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Subject Database panel appears when you record a subject’s EEG or before Neurofeedback.
A unique ID must be provided for each subject. Select Existingsubject to retrieve subject
Information from the past

@ Mew Subject -
() Exigting Subject
First M amne Jaon
tiddle Initial R
Last M ame Doe
Subject ID 1
Date of Birth 3/2/41990
Gender il
Handedness R
Clinician Dir. Competent
Technician Mz, Experienced
Subject Folder
i, A
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Backup the Subject database by clicking Options > Subject Database > Create Backup.

This is important If you transfer your license to a different computer and you want to also
transfer your Subject database. Once you backup the database and you want to move it to
a different computer then click Options > Subject Database > Restore From Backup

| Options | Help

;-'|[l|'T-IT Information

Subject Database ¥ Create Backup...

Default Settings »| Restore From Backup...
Digital Filters

Digital Filter Viewer is a IIR Butterworth Filter that only changes the appearance of the EEG
tracings and does not have any impact on the FFT or Normative Database comparisons. This
is a valuable visual tool to examine the time and frequency details of the EEG tracings
themselves.

Click View > Filters to open the Filter Parameter panel:
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B oo v 7

Eile Edit |Eiew | LCollection Montage Analysis

Scale [uh  Polarity

~ 9000 EEG Tracings
Edit Tim  Gyigl

v v

00:00 Edlit Selections Intensity

Montage

Deymed22
Digcovery

Digcoven)_ -
Fp1F3-C3|  Eilters..

v Display Event Markers

Display Event Table

Type the low and high pass filter settings that one is interested in. Or select Band Pass Filter
and one of the chosen common frequency bands. To eliminate a particular frequency select
the Band Stop Filter and then one of the common frequency bands. Change the order of the
Butterworth Filter

@ﬁ* IR Butterworth Filter Parameters @
@ Low Pass Filter @ High Pass Filter
Frequency [Hz] Frequency [Hz)
- 40.00 - 100
(71 Band Pass Filter (") Band Stop Filter
Standard Frequency Bands Standard Frequency Bands
iDelta [1.-4 Hz) = iDelka [1.-4Hz) "
Theta [4 - 8 Hz] Theta [4 - 8 Hz]
Alpha [8-12Hz] Alpha [8-12Hz)
Beta [12- 25 Hz] Beta [12- 25 Hz]
High Beta [25- 30 Hz] High Beta [25 - 30 Hz]
Famma [30- 40 Hz] Gamma [30 - 40 Hz]
Betal [12-15Hz] - Betal [12-15Hz) -
Beta 2 [15-18 Hz] : Beta 2 [15- 18 Hz)
Filter Order
A k. | ’ Cancel l
=

Here is an example of the SMR or Mu frequency range of 13 Hz to 15 Hz
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Eile Edit View Collection Montage Analysis Repart MeuroStat Options Help

Scale [ut]

la]

£ FMWVWVMMMWNWWWWMWWWWNWVMUWNMW
Edit Time

wm MW\WWW\MMWWW\WWWWAMM\M\W
Montage

Deymed22  * FHLE

Discovery

Discoven 19 F4LE

Fp1-F3C3-P3).
E![.ap\at:\aﬂ.. el || ca-LE
| CongrE mersor
LangBP C4LE
LongTangP
Mindo16 | paLe

i P4LE
oL \MWWMWMWM\WVVW\MWMNVWNMWWW\WWWMW
FoLe VMVVW\WWWWWWWAWMWWM\WWWWW‘WWWW

T3LE

T4LE

TELE MWWWMWWWWW«WWWWWW
Fele MNWMMWWWWWWWMVWNWVWWWWW

Test Retest

Display Time 00:00 00:01 00:02 00.03 0004 0005 i}
A
= &

Discriminant Functions

Access Discriminant Functions by clicking Report > Report Selections and then select the
Learning Disability and/or Traumatic Brain Injury radial buttons (an add on product). Uncheck
and check the Discriminant Functions that you want in your Report. Then click OK and then
click Report > Generate Report.
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Click Report > Report Selection to Open Panel and then Select Discriminant Function(s)

& Report Selections - . — L Al LA
L
Connection baps Digcriminant Funchions Connectivily Suite
@ Subject Information @ Ampltude Asymmetry Amplitude Aspmmatry
@ Techracal Information @ Coherence @) Traumnabe Bran lrpury Coherence
@ Phase Lag Fhaze Lag
@ Summary
o ) Cross Spectral Power
Color Maps Spectral Valies Predictive Functions o
Instantaneous Connectiviby
@ Absobate Power Absolute Power Brain Pesformance |ndex .
Lagged Connectiaty
Relative Power Helative Powes .
st Metrics . -
Power Fatio Poweer Fiatio Conelation [Cormodulation)
Pask F Humber of Bursts
eal, Frequency
Standard Bands Burst Amplitude Phase Reset
@ 1HzBands Amplitude Asymmelry Burst Duration Fhase Resets per Second
Coherence Burst Irterval Phase Shift Amplitude
Fhase Lag Phase Shilt Duration
| Phase Lock Duration
) Rate of Phace Shilt
[ Load l [ Save Defaul Raw Scores
2 Z Scores
| QK | Cancel | @ Page Mumbers

The discriminant functions are not designed to be used to render a clinical diagnosis. Instead
the discriminant functions are to be used for assessment of patients/clients that have already
been diagnosed with academic problems and/or mild traumatic brain injury. The discriminant
functions are pattern recognition routines designed to probe more deeply into the link between
symptoms and dysregulation in networks known to be dysregulated and linked to a history of
academic problems and/or a history of mild traumatic brain injury. The learning disability
discriminant function is to be used only if the patient/client has a history of academic problems
and over the age range of 5 years to 18 years. Also, the mild traumatic brain injury
discriminant function is to be used only if the patient/client has a history of mild traumatic brain
injury. The mild TBI discriminant functions was based only on patients with a history of mild
TBIl and not patients with moderate or severe TBI.

Here is an example of the Learning Disability discriminant analysis output.
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Probability of »50% is statistically significant

Learning Disability Discriminant Analysis’

Metrics & Frequency
Relative |location o— . —— Band of EEG measures
Of client/patient - o Representing a pattern
EEG pattern with S In the EEG commonly
Respectto a = | " Present in individuals
Normal conirol - - With a h!stnnr of
group I ; T = Academic problems
[ T m o

Severity Index e '

fromnormal, __ =/ ?

mild to severe f

a sihusd b

Here is an example of the Mild Traumatic Brain Injury discriminant analysis output.

© 2002 - 2015 Applied Neuroscience, Inc.



/ NeuroGuide Manual Discriminant Functions 94

Probability of »50% is statistically significant

Trawmatic Braln injury Discriminant Analys

Relative location

Of client/patient

EEG pattern with

Respecttoa =
Mormal control

group

Metrics & Frequency
Band of EEG measures
Representing a pattern

Severity Index In the EEG commonly

from normal, p— I Present in individuals
mild to severe ; T With a history of
Based on an — >/, Mild traumatic Brain

Estimated Glass Injury
Gow-Coma Score
{GCS) atthe time of

Injury

Dynamic Normative FFT Databases

Activate the Dynamic Normative FFT Databases and examine the raw EEG and normalized
power spectrum to identify Z Scores 2 2.0 and to compare the > 2 SD deviant Z frequencies
and EEG channels using the Average Reference and Laplacian norms and Linked Ears and
Bipolar montage norms.

Click Options > Subject Information and specify the recording condition as Eyes Open or Eyes
Closed. In addition, Age must also be specified in order to activate the Normative Databases.

Then Click View > Dynamic FFT > Absolute Power Spectrum to activate the absolute power
normative database Z Scores or Relavtive Power Spectrum to activate the relative power
normative database Z Scores . This will display the FFT Absolute Power or Amplitude or the
Relative Power values in the Upper Right quadrant and the Z Scores in the Lower Right
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guadrant, for the recording condition selected. First try relative power eyes closed, then eyes
open, then absolute power, etc. With a few Clicks of the mouse one can quickly view each
option and watch the screen change.

=] Lexicor NRS-24 Demo = b
File Edit | View | Collection Meontage Analysis Beport MeuroStat Options  Help
=B Bolasy ' NWRMMMW\\M | 2@ rese o 9
v 5000  EEG Tracings b Wwww%
Edit Tm:  Grid 9
02:04  Egit Selections Intensity » W%W r.{
Montage ", Display Event Mark
Defaut Display Event Markers
Deymed Display Event Table "1
Deymed13 ]
Deymedz2 - Eiters.. A o)
Discovery Dernvatives r |
Discovery_ 1 k T -
Dynamic FFT b Absolute Power Spectrum b ] Frequency (Hz)
Q}rnamic -ITFA"' |V Relative Power Spectrum P LL'E_. Z Score of Relative Powsr
Dynamic Bi-5pectrum *  Absolute Amplitude Spectruml’\?

Color Map Settings...

FP1 1.00
FP2 098 v Edit Data

v 7 Score Spectrum
Log-Log Spectrum

Test Rete  Event Marker WWMWMW
AVEgs.  Amplitude Marker
1093 pimap Screen Capture W
LORETA Time Domain Capture
Display Time 00:00 00:01 00:02 00:03 00:04 00:0 4] . .
- G | Frequency {Hz)

Click View > Dynamic FFT > Relative Power and Release Mouse. Repeat but re-select
Absolute Power, i.e., Click View > Dynamic FFT > Absolute Power and Release Mouse.
Average Reliability for all channels is in the Reliability Window on the left margin of the edit
screen as well as reliability per channel. Scan through the reliability of different channels. As
defined in 2d Split-half reliability is the ratio of the variance of the even 1 second samples of
EEG digital samples divided by the odd 1 second segments of the EEG edited selection. The
split-half reliability value 0.86 is low because it represents only 4 seconds of EEG.

Example of how to change normative databases to eyes open. Click Options > Subject
Information and then click the "Eyes Open" button. Then click OK. Remember: Age must
also be specified in order to activate the Z Score Normative Databases.
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o Subject Information
MName Demo2-Mr. John Doe
Subject ID
Date of Bith | 05/02/1949 Age Must be Specified
in Order to Activate
[Pu;le R4 61 14

L the Z Score

Gender Male Mormative Databases

Handedness | Ambidextrous

EEG ID TOMECH (") Eyes Closed

Date of Test |12/12/2002

Time of Test

Technician Mr. Competent 4 To Change or Select the N
EEG Recording Condition

Click on the Circle in Front

Clinician Cr. Qualified of "Eyes Open" this

will also Activate the
Eyes Open Z Score

\ Normative Databases y.

Medication Dilartin, Lalof,

Comments Patient was struck on the right side of head by a bat in August 2001. MNoloss »
of congciousness, however, patient became weak and nausius and slespy.
The following day patient was found prone on the floor and delerous with
difficulty responding to verbal commands. Patient was taken to the
emergency room and a CT scan revealed a right hemisphere epidural
hematoma with a pocket of blood in the Aght occipital region. In sungeny,
small holes were drilled in the skull over the right central and right occipital
regions and blood was drained from the space between the dura and shull.  w

Cancel

Now click View > Dynamic FFT > Absolute Power Eyes Open, then view Eyes Closed, then do
the same for Relative Power Eyes Closed, then view Eyes Open, etc. Click & move the left
mouse button over the Z Score of Relative Power and read the frequency and Z Scores on the
left of the EEG display. Note Frequency of 6.59 Hz & the Red Z Scores at P3, 01, Pz & T3.

EEG Collection

To acquire and/or collect EEG using NeuroGuide one must purchase the correct NeuroGuide
Collection module. To below is a list of the many amplifiers available for EEG collection. Click
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EEG Collection

Collection > Hardware Selection to view the list of integrated amplifiers:

Setup and Monitor...
Becard
Pause

Stop

Setup

Hardware Selection *

BrainSurfe
BrainSurfer

Event Related Potentials...

Bleurafeedback 3
Inter-Session Progress »
Test CD DLL

ABM B-Alert X24
ANT eegosports
BIOSIGMAL microEEG
Braindmp MR
BrainMaster Discovery
Deymed EEG 32¢h
Mitsar

BleuraField Q20
Meuron Spectrum
FleuraPulse MP-O 10,20
MeuraSyne

FleXus-32

Wearable Sensing

v

Playback

There are two classes of amplifier control:

1 - Software control of the start and stop of the amplifier and streaming of digital EEG data

to memory in microseco

2 - Launch the EEG amplifiers acquisition software simultaneously with NeuroGuide and

nds of time; and

then stream digital EEG data to memory using UDP communication with the PC.

97

There are 8 amplifiers that are direct and do not require simultaneous acquisition software:

1. ABM,;

2. ANT (EEGOSport)

3. BrainMaster (Discovery)
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4. Mitsar

5. NeuroField (Q20)

6. Neuron Spectrum-3

7. NeuroPulse/Mindset

8. Nexus-32

9. Wearable Sensing Dry Electrode (DSI-7 & DSI-24)
10. Cognionics Dry Electrode (Quick-20)

There are 2 amplifiers that require launching the EEG amplifier company's software
simultaneously with NeuroGuide:

1. BIOSIGNAL - MicroEEG
2. Deymed

Start EEG collection by first selecting the correct hardware, click Collection > Hardware
Selection and then select the amplifier. Then click Collection Setup & Monitor to open the
hardware setup panel. Create your own montages by Clicking Montage > Create Montage if
one wants a different arrangement or selection of recording channels.

Click Collection > Hardware Selection > NeuroField Q20. This selection will determine which
Setup is to be used for collection. Then click Collection > Setup and Monitor
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o NeuroGuide - O
Eile Edit View | Collection | Montage Analysis BReport MeuroStat Options Help
Scale (U] Setup and Monitor...
- 10.00 Record
Edit Time Pause
: Stop
— Setup...
Hardware Selection ¥ ABM B-Alert X24
BrainSurfer... AMT eegosports
BrainSurfer... BIOSIGMAL microEEG
Meurcfeedback ¢ EBrainAmp MR

BrainMaster Discovery
Test CD DLL Deymed EEG 32ch
Split Half Mitsar
NeuroField Q20 &g
Meuron Spectrum
MeuroPulse MP-C 10420
MeuroSync
MekXus-32

v Playback

0—
-

nter-5ession Progress

—]
1]
i
]
o
1]
£

ANT, Mitsar, NeuroField, NeuroPulse, Neuron Spectrum, Nexus-32 involve simply clicking
Collection > Setup and Monitor. The BrainMaster Discovery-24 and the Nexus-32 Amplifiers
require clicking Collection > Setup and Monitor and then contacting the amplifier company to
obtain a key code.

BrainMaster Discovery-24 Amplifier

To determine what port the USB Discovery connection is on click Start > Control Panel >
Device Manager > Ports. The Discovery device driver must be installed before a USB port
connection can be established. The Discovery Serial Number is on the back of the Discovery
amplifiers. Obtain the Discovery passkey and the Discovery device drivers from BrainMaster
(www.brainmaster.com). After all information is entered then click OK.
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Click Collection > Setup & Monitor 1o activaie the amplifier setup window

—— » Port Number
System=DeviceManager — 5 T 14
To determane the USHE port >
Senial Number
60021
g | |
escowery Serial o, & Pass Key s
Bramiiaster Pass Key Collection Order Digplay Order
PAREDLIED 1Y A (5 E— e
FZ-A1 FP2-A1
C3-Al F3-Al
P3-A1 F4-Al
01-Al C3-Al
F7-Al C4-Al
T3-Al P3-Al
T5-A1 P4-Al i
Sampling Rate Fz-Al O1-Al
FP2-A1 D2-A1
256 F4-AT F7-Al
C4-A1 i Fg-A1 =
Digplay Time
EEC displaytime — >+ 6
QK Cancel

Nexus-32 Amplifiers - Click Collection > Hardware Selection and select
the Nexus-32. Then click Collection > Setup & Monitor to open the
panel shown below and click OK to activate the Activation Code panel
before one can begin monitoring.
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i@ MeXus Collection Parameters E‘.
Collection Montage Display Mortage Sampling Rate
Digplay Time
=
Collection Order Dizplay Order
ERmE . R
FP2-REF FP2-REF —
F7REF F7.REF Activation Code
F3-REF E F3-REF z
Fz-REF Fz-REF
F4-REF F4-REF
F3-REF L4 F8-REF L4 l 0K |
T3-REF T3-REF =
C3-REF C3-REF
Cz-REF Cz-REF
C4-REF C4-REF Cancel
T4-REF ; T4-REF .

Nexus-32 Amplifiers - Contact Mind Media for a Key Code. Thomas
Baumgartner is the Product Specialistat Mind Media B.V.. Here is
Thomas's email address: Thomas.Baumgartner@mindmedia.nl |If
there is no response, do a Google search for Mind Media B.V. and send
the activation code.

|

REQUEST CODE: IMJL45QRLKPQKIJY?JBBRQWDDK

Send the above request code to support@mindmedia.nl
to recieve an activation code and enter this in the below

field.
ACTIVATION CODE: |

Activate Cancel
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NeuroPulse/Mindset Amplifier Systems

Before turning on the computer, turn the NeuroPulse/Mindset amplifiers on and make
sure the NeuroPulse/Mindset-24 amplifiers are connected to the computer. Then turn on the
computer and launch NeuroGuide. To begin EEG acquisition click Collection >Hardware >
NeuroPulse NP-Q10/20. Then click Collection > Setup and Monitor. The NeuroPulse/Mindset
amplifiers use linked ears as a reference, thus if one makes new montages by clicking Montage
> Create Montage make sure that one uses LE as the reference. Check that the display
montage is what is desired and then click OK to being EEG collection. Once collection is
stopped, then save the EEG in .ng format or EDF or Lexicor or Text (ASCII) format by clicking
File > Save As. Simple and unified collection and analysis can be achieved with a few mouse
clicks and no file import is necessary.

Deymed Amplifier Systems - Contact Deymed for Configuration Code

NeuroGuide waits for a short period of time to receive UDP data from the TruScan software. If it
does notreceive this data, it displays the error message "errror code 0 Could not receive data
from TruScan Acquisition application”. Any thing that blocks the transmission of data will
result in this error message. Please make sure that the following items are working:

1. Make sure that the TruScan software is authorized to send UDP data to NeuroGuide, and
make sure that this feature is turned on. This may require a security key from Deymed.

2. Make sure that the TruScan software is running; make sure it actively displaying EEG
datain real time, and make sure that it is notin the "Pause" or "Stop" state.

3. MAKE SURE THAT YOUR SECURITY SOFTWARE is not blocking the transmission of
UDP data from TruScan to NeuroGuide. Security software also blocks Nexus-32
acquisition. This is a common problem. Each new version of NeuroGuide may need to
have permission to receive UDP data depending on what security software you have and
what settings have been selected; each computer is unique in this respect.

If you still have problems, please determine the TruScan version number and then contact
Applied Neuroscience, Inc. at geeg @appliedneuroscience.com

Start EEG collection by first selecting the correct hardware, click Collection > Hardware
Selection and then select the amplifier. Create your own montages by Clicking Montage >
Create Montage if one wants a different arrangement or selection of recording channels.
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Note: If acquired EEG data is saved in Text (ASCII) format then it is necessary to open the tab
delimited text file and remove the patient information at the top of the file if users want to import
the text formatted file into NeuroGuide.

After setup & monitor enter subject information and click OK

File [dd Veew CoBection bonisgpe Anahsis Bepori HewroBisf  Window Help
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- EEGID ¢ Eyes Dossd
r | Dt of Tt A0S ¢ Eyea Open
Time o' Tk 2L}
- -
1 SO
b
Vadoxon
Cireria o
o
= 1 (o 1
C!
K Ol &1 oo U i L ol s § T el 17 74 R » e e i L e

Monitor the EEG during acquisition. Stop or pause collection by clicking one of the control
tools to the left of the screen or by clicking Collection > Pause or Stop.
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Monitor EEG traces during Acquisition
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Click Collection > Record or Pause or Stop or to Start
Neurofeedback

Collection

Record

Pause
R

Stop

Neurofeedback »

Cognionics

Make sure that the blue tooth receive is inserted into the USB port and that you have
downloaded a and installed the Cognionics driver. The Cognionics driver is inside of the blue
tooth receiver and should be automatically installed. If the driver fails to install then remove
the blue tooth receiver and re-insert it into the USB port.

Effective Connectivity Surface (ECS)

The ECS measures the directionality of information flow between different scalp locations in 10
different frequency bands. We use the Phase Slope Index (PSI) that is interpreted as the
“Drivers-Responders” where positive values mean drivers and negative values mean
responders. Zero values are volume conduction in which there is no net flow of information.
PSI uses the “Imaginary” part of “coherency” based on the cross-spectrum. By analogy
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coherence is like the street and PSlis like the people walking in the street.

Here is aurlto a You Tube Video that describes the surface EEG Effective Connectivity add on:

Effective connectivity surface (ECS)
https://youtu.be/RJ54SemHMBA

Click Report > Report Selections and then Select Effective Connectivity > Phase Slope Index

r - - i b
@ Report Selections - - e - ﬁ
Connection Maps Discriminant Functions Connectivity Suite
@ Subject Information @ Amplitude Asymmetry Learning Disability Amplitude Asymmetry
@ Technical Information @ Coherence Traumatic: Brain Injury Coherence
@ Phase Lag Phase Lag
@ Summary
| Cross Spectral Power
i Color Maps Spectial Values Predictive Functions -
Instantaneous Connectivity
\ @ Absolute Power Absolute Power Brain Performance Index o
Lagged Connectivity |
Relative Power ) Relative Power P— f
urst Metrics . .
Power Riatio Power Ratio Conelation [Comodulation) |
Peak F ' Number of Bursts
eak Frequenc: b
Standard Bands dmat/ Burst Amplitude Phase Reset
! @ 1HzBands Amplitude Asymmetry Burst Duration Phase Resels per Second
Coherence Burst Interval Phase Shift Amplitude
[}
Phase Lag Phase Shift Duration
Phase Lock Duration
Rate of Phase Shift
" © Row Scores
Effective Connectivity
1 @ Phasze S Index
| o Pamtinber et
N — A

Then Click Report > Color Map Settings and Connectivity and then Select Automatic Global
Scaling. Do this before Clicking Generate Report
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Click Report > Color Map Settings. Then Click Connectivity and Select
Automatic Global Scaling

r ™
¢ Color Map Setti%s lﬁ

Auto Spectial [ Connectivity] Z Score |

Connectivity Color Maps

Fixed Scaling

@ Automatic Global Scaling

Then click Report > Report Generation. Below is an example of Information Flow from the left
Frontal regions to other brain regions. Red colors represent the "Drivers" (information is
flowing from) and blue colors are the "Responders" (information is flowing to. Green colors
represent volume conduction. Note that no information is flowing to the damage and
disconnected right parietal region in the Demo TBI patient. The red colors in the left frontal
region may reflect compensatory dynamics in the TBI patient.
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Montage: LinkEars

EEG ID: TOMECH

Theta Phase Slope Index
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Below is an example of Z scores of Effective Connectivity and Information Flow from the left
Frontal regions to other brain regions. Red colors represent the "Drivers" (information is
flowing from) and blue colors are the "Responders" (information is flowing to. Green colors
represent volume conduction. Note that no information is flowing to the damage and
disconnected right parietal region in the Demo TBI patient. The red colors in the left frontal
region may reflect compensatory dynamics in the TBI patient. Significantly reduced
information is flowing from damaged parietal regions to other parts of the brain.

Montage: LinkEars EEG ID: TOMECT

Theta Z Scored Phase Slope Index

Elevated Information
Flow From Left Frontal
Pole To Other brain
Regions {(Red)

Reduced Information
. Flow from the Right
Parietal Region where
Damage Occurred

Effective Connectivity LORETA (ECL)

The ECL measures the directionality of information flow between all combinations of 88
Brodmann areas in 10 different frequency bands. We use the Phase Slope Index (PSI) that is
interpreted as the “Drivers-Responders” where positive values mean drivers and negative
values mean responders. Zero values are volume conduction in which there is no net flow of
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information. PSl uses the “Imaginary” part of “coherency” based on the cross-spectrum. By
analogy coherence is like the street and PSlis like the people walking in the street.

Hereis a urlto a You Tube video describing the LORETA Effective Connectivity

Effective Connectivity LORETA

https://youtu.be/4collV DMHq

For LOETA Effective Connectivity Click Analysis > LORETA > LORETA Phase Slope Index

|&nalysis | Report MeuroStat Options Help

Bi-Spectral Analysis »
Metwork Injury Index..
EFT Power Spectra 3
| LORETA »  LORETA Current Density >
Gabor Adaptive Spectrogram... LORETA Absolute Power ,
MeuroBatch... LORETA Coherence >
Calculate RMS of Signals LORETA Phase Difference »
Create Bi-Spectral Mormative Database LORETA Phase Shift 4
Create Burst and Phase Reset Database LORETA Phase Lock 3
Create CD Mormative Database LORETA Phase Slope Index > Raw Scores
Create CD Mormative Database - No Subject Varnance LORETA Export > I Z Scores I\J
Create FFT Mormative Database LORETA Source Correlation »
Create LMFB Normative Database
Create LMFB L6 Normative Database VLE
Create LORETA Coherence And Phase Mormative Database AVE
Create LORETA Normative Database Convert LORETA, {lor) to Tab Delimited Text...
Create LORETA ROI Normative Database Convert Tab Delimited Text to LORETA, {lor)...
Create Normative Database Information Time Domain Export, Average...
Distribution Viewer... Time Domain Export, Single Voxel...

Video Player... |
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Example of raw score LOETA Effective Connectivity or Information Flow with respect
to Brodmann Area 44 and the other 86 Brodmann Areas from the Left & Right Hemisphere

LORETA Phase Slope Index

Left Brodmann Area 44 [Right Brodmarin Ares 44

a Bl 2 ] HE T b
1] L1 |
AW R0 0B BB LN X8 4 BT T T T
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Example of Z Score LOETA Effective Connectivity or Information Flow with respect
to Brodmann Area 13 and the other 86 Brodmann Areas from the Left & Right Hemisphere

Z Scored LORETA Phase Slope Index

Lot Brodmann Asa 13 Right Brodmann Area 13

HESEEala
SEZTLal

Compensatory Information
Flow in the Left Hemisphere
Brodmann Areas toand
Brodmann Areal3

H 7
i s
b )
E )
» »
» u
2

- -
) »
E Bl
-

3 1
= 0
1 1
Fl 1
H 1l
» »
- «
[l [
- |
= «
”

L]

] i _ L L] Ll i

S LT a5 LX) 18 18 gl EE T (] 1.4 1%

Event Marker

Event Markers to mark events in the EEG traces and then later sort the events by time or type.
To active the Event Marker Click View > Event Marker. To view the Event Markers make sure
that Display Event Markers is checked.
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§h Lexicor NRS-24 Demo - K
File Edit | Miew | Collecticn Meontage Analysis Report MeuroStat Options Help
Scale u\  Polarity k
w5000 EEG Tracings » e L H"'M
Edit Tme  Grig b
00:00 _ _ _ To View the
: Edit Selections Intensity »
Montage —— Event Markers
Defautt + 2splay Event Markers 4 Make Sure that
gmeﬂw Display Event Table Display Event Markers
ey .
Deymed22  Filters.. is Checked
Discovery Derivatives r
Dlsu:u:uver:.r
e  IEBE SRR e R
Dynamic JTFA...
LDngTEnB Q}rnamic Ei-Spectrum ’ WWWMMM
Split Hat
Color Map Settings... e —e
Edit Data ‘er To Activte the
Test Rete ¥ Event Marker - | l E?Ent _Marker
Amplitude Marker ; Click View and
Bitmap Screen Capture Select Event Marker
_ LORETA Time Domain Capture L
Display Tirm 0TS 0T 00:10 00:11 00:12 00:
o 6 B

Move the mouse to the event to be marked and left click to open the event list. Select an event
from the list to mark the eventin the EEG record.

To Mark Events move the mouse to the event and Left Mouse Click to open the Event Marker
List, then Select an Event Type. Now continue scanning the EEG and Marking various Events.
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To View or Review the Events you have previously Marked, then Click View > Display Event
Table, now you can view all the Events Sorted by Time. To view the Events - Sorted by Type
Click the Event Table Label to change the Sort and then change it back to Sorted by Time.
Next Double Click on one of the Events listed in the Table to move the EEG Edit Screen to
where the selected event occurred.
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& | exicor NRS-24 Demg - ©
File Edit | View | Collection Montage Analysis Click the Lable to
Scale {u\  Polarity ’ Sort Events hyr g Events - Sorted by Time
: 50.00  EEG Tracings » i (00:00:01.01  EMG
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Splt Hat WWW Double Click an
Lolor Map Settings. it Lo sorsagiistord | Event to move
Edit Data LWW the EEG Edit
Test Rete ¥ Event Marker NI Screen to the
Amplitude Marker k/ﬁ g
Bitmap Screen Capture et N P B8 Event
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€ 6 [T

Event Related Potentials (ERPs) and Evoked Potentials (EPS)

The event related potential (ERP) module requires the collection of EEG using one of the
integrated amplifiers that are listed when one Clicks Collection > Hardware Selection to view

the list of integrated amplifiers. See the chapter on EEG Collection.

Dos

the integrated amplifiers then check that amplifier and then:

1- Click Collection > Setup & Monitor and OK

If one is using one of

2- Click Collection > Record (one must be recording EEG to activate the ERP module)

3- Click Collection > Event Related Potentials
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| Collection | Montage Analysis  Re
Manitor
Becard
Pause
Stop
Impedance Measurement
Setup
Hardweare Selection »
BrainSurfer...
BrainSurfer...
Event Related Potentials...
Meurafeedback »
Inter-Session Progress L
| Test CDDLL

The CheckerBoard reversal EP is a visual EP (VEP) for the valuation of the visual system. A
cognitive test called the P-300 event related potential (ERP) can also be selected by clicking the
Auditory P-300 option. For example, Checker Board Pattern Reversal for the visual stimulation
procedure or Auditory P300 for the P300 procedure. Additional procedures will be added in the
future

b NeuroGuideERP ==

*

Select Experiment

CheckBoard

Auditory P300

Back Next > | Cancel

Select Checkerboard Pattern for the Visual Pattern reversal procedure and click Next. Then
Select the parameters of the checker board pattern reversal and then click next
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## NeuroGuideERP

CheckBoard Settings

Monitor Settings

Monitor [D; Primary

Distance (mm) 700

Stimulus Settings

Location [Full Field
Exccentricity (degree) 0

Check Size (arc minuke) 32

- ] +— Select the monitor to display

+ <«— Setdistance of subject to display

- ] «— Spleet Full or Hemifield

|

Select the Eccentricity

L}

|

S5elect Check Size

L]

~ +«— Select the total size of the display

« +— Select the number of trials

|

Select the number of reversalisec

Total Size (degree) 17 =

Number of Trials 100 7

Reversal Per Seconds 1 =
< Back i | MNext > ] [ Cancel

Select the parameters of the visual EP recording and then click Run
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L= —

f.f"' MNeuroGuideERP
r

Average Settings
Tirmne Settings

Start Time (ms) -100.00 © Y [=Select the trace start time & end time

End Time (ms) 500,00 o

Artifack Correction Settings

J| Peak to Peak Amplitude 100.00 =
Select one or more artifact rejection methods:
y ' - «— 1-Peaktio peak Absolute Amplitude in Microvolis

| Gradient o.on - 2- Rate of change of the potentials

3. Standard deviation threzhold

|| Standard Deviation 70,00

Filter Settings

Low Edge (Hz) 1.00 " «|— Setthe filter settings

High Edge (Hz) 30.00 e

| QOukput Settings

| , .
Output Dir Bob/Documents | .. | Select output directory of the subject
Subject 1d »6fafdgeatibe [ Apply | ::: I;sslgn 4 unigue subjectID X click

<Back | Run | Cancel

Example of the checker board pattern reversal display. Move the display to the subject's
monitor.
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i StimulusWindows | o [ [ e -

Auditory P300 ERP

Select the Auditory P300 ERP option and click Next to activate the odd-ball P300
paradigm. Click Next in the two subsequent control panels if one wants to use the P300
normative database from age 6 to 87 (see van Dinteren et al. (2014). P300 Development across
the Lifespan: A Systematic Review and Meta-Analysis. PLoS ONE 9(2): e87347. doi:10.1371/
journal.pone.0087347). A red bar signifies 2 standard deviations or more in the latency of the
P300 with respect to age matched norms. A yellow bar signifies 2 standard deviations or more
in the amplitude of the P300 with respect to age matched norms. Attach ear phones to the
subject or allow the subject to listen to the computer speaker for the delivery of the frequent
and rare tones.
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Select the Auditory ERP and Click Next to open the Auditory ERP control panels. Do not
Change the default settings if one wants to use Normative Database Comparisons
(age 6 to 87)

" NeuroGuideERP ' &

# NeuroGuideERP Average Settings

Tirme Sekkings

Auditory P300 Settings

Ak

Start Time {ms) -100,00

Frequent Stimulus

Ak

Erd Tirme (ms) 500,00

1.way - Play
| | | | artifact Detection Settings
Rare Stimulus | Peak to Peak armplitude o000 =
4.wav A Pla
| | | 2 | Gradient o000 =
Setkings
> Standard Deviation 70.00 =

Mumber of Trials 340 =

Filter Settings
Minimurm ISI{ms) 1000 5 Low Edge (Hz) 1,00 =

ow Edge (Hz . =
Maxirmum 15I{ms) 1000 5 High Edge {Hz) 30,00 =

oukpuk Sekkings

Qubput Dir Bob/Documents .

Ak

Frequent Percent{%:) 82,36

<Back || metz |[ cancel Subject Id *-87Ff5904576e Apphy
< Back |[ Run ]| Cancel |

Control the EP/ERP amplitude, references, channels and display settings in the screen below.
Move the mouse over the top menus to view the various functions. One can save the EPs/
ERPs in various formats and open or close 3D maps and also select grid layout or Headview
layout displays
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Click View to
Display 3D Maps

# NeuradhpideERP — TN = — '
Views
IKmde | ) 1] ™ StartTimedme) -100.86 |2 End Tme (ms) 456,09 (2 T L
Settirgs ~10L562ms 000 T ms 496.0Mms CheckBoard (2/100)
Topoey aphies 00 0 100 20 W0 400 0 0 10 200 00 00 W0 20 N0 400
Sl () 10,00 | RlLic] —P7 —F3
Control # of 3D maps 104 101
Topagraphiss 2 5 h
& Dilays between maps
Off et ] g £ 5 £
T _ i, -
] g I, | P J ~ e
Lt o4 f % S 04~ b\"\u-"\«z—"'"‘-/\‘ 5 ﬁ\_f’ VoV AVAT Y
Ekctrodes
<54 54 54
Mame Reference Visble Scale
Vi 7 T T T T =10 T T T "0 T T T T
Pl AvG ” 100 0 100 200 300 400 00 0 100 200 %00 100 100 20 M0 400
/G
7] AVG i ] = — ——
. AVG - ” 10 104 10
B B o 5 s 54
e /(\ f\,—@’\‘
ANG 7 I -~ [\ M\ / f —~\
[ 5 1 oS (A, . g_q\v Ya¥ A AN ,JJ’\\M_,» &'
F4 AVG ¥ 10
<54 54 54
Fs AVG & 1
T T T T T T T 10 T T T T
FT7 AVG 7 10 -100 00 200 300 400 -100 100 200 400 -100 100 20 300 400
FC3 AVG Fj ] —01 —oz —oe
10 104 10
L AVG ¢ in
PG4 AVG T 1 51 54
¢ AVG N i
L, - - TR -
FTE  AVG A o Eh \/\/\\ - ,——"_/\‘ b Y "_\[\ - by \\ﬂf v \__f‘\"f/L
— \./\_,_\f‘—"’ /
T AVG I 5 \ N ]

Change amplitude,
Pre-stim time & duration
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3D Map Setting Panels

Rendered brain, scalp compartment, EP/ERP projections, Electrodes, Orientation

y - - -
§» 3D Topographic Settings Iilﬂ_hj 4 3D Topographic Settings @Iéj
Contents Brain Compartment Contents Crrienkation
= Display Settings . i i
Brain Campartment play 0 Brain Compartment Default Orientations
yisihle - v
Scalp Compartment Color Scalp Compartment
= pcomp o
Transparency S0% 5
Average 30 Map Average 3D Map A T 2.
‘Wireframe Setkings
Electrades [] visible Electrades Settings
Color Raokation speed:
Orientation @ Orientation
Slow Ij Fast
K ] ’ Cancel ] [ Apply QK ] [ Cancel ] [ apply

Frequency Domain Export

The results of power spectral analysis on the selected data samples can be saved in a tab
delimited for export to other programs. The FFT frequency resolution is 0.5 Hz and the
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columns are channels and the rows are frequency. One can save raw relative or absolute
power values or Z Scores of absolute and relative power.

Click Analysis > FFT Power Spectra

-

g‘ﬁ Lexicor MR5-24 Demo [ — | (=] |""EE"-J

Scale [uv) Bi-Spectral Analysis » |

] FF"LEMW O L SR 1 A R |Lr~|
l 50.00 | EFT Power Spectra b | Absolute Power... |
= FPz-LE =
Edit Time TR YTy b

F1-LE Belative Power...
0153 MWW Gabor Adaptive Spectrogram...
| F4LE MW
. Discavery C3-LE [yl ™ ) pafyiat, _l':-I”.I:IEIJT..:h. — _ ZTransformed Relative Power...

rmAararw ¥

File Edit View Collection Montage gnalysis|ﬂepnrt MeuroStat Options  Help |

£ Transformed Absalute Pawer...

Gabor Adaptive Spectrogram

Click Analysis > Gabor Adaptive Sectogram

4 Lexicor NRS-24 Demo

Eile Edit View Collection Pantage &r‘lal}rsis|ﬂepor‘t MeuroStat  Options

Scale (L) Bi-Spectral Analysis k

] FRI-LE fptuh oy W m ot
u 50.00 EFT Poawer Spectra L

it Time | FPELE U-NWMM LORETA ,
: FO-LE ol P — :
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Gabor Adaptive Spectrogram

45 Joint Time Frequency Analysis Iilﬂl&]

- JTFA Spectrogram
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=X

FPi-LE

Secale juVv)
:; 36.00
Display Time
= 13

01:23 01:24 01:25 01:26 01:27 01:28

Change the parameters of JTFA such as Maximum and Minimum Frequency, Zoom and Select
C4. Then click the left mouse button and move it over the JTFA viewer to identify the
frequency and power at a moment in time.

The defaultis 1 term. View the value of the residue and increase the number of terms until the
residue is approximately 10%. The residue is the ratio of the energy of the residual signal to
the energy of the original signal expressed as a percentage. Increase the number of terms
and observe the reconstruction of the original signal and the step by step decrease in the
residue. To add or remove terms from the reconstruction place the mouse over the white
marker in the JTFA display and right click. Position the mouse over a white 'dot’' on the JTFA
screen and right click on the white dot to de-select a Gabor term. Right click on the red 'dot' to
select a Gabor term. Examine the accuracy of the reproductions of the time series by
increasing the number of terms and minimizing the residue. 5% residue is a reasonable level
of reproduction accuracy. Once the residue has been minimized, then de-select and re-select
different Gabor terms in order to evaluate the time series in detail.
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Depress the Left Mouse Button over the White Circle to Read the Frequency & Power for an Atom
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Right Mouse Click in an open circle to toggle an Atom (or Factor) on or off

gﬁ‘i’* Joint Time Frequency Analysis

o o
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Impedance measurements are available for amplifiers that provide impedance information in
their data formats. Currently this is for Mitsar and Wearable Sensing amplifier systems. Start
the EEG Collection procedure as usual, i.e., click Collection > Setup & Monitor and then
monitor the EEG traces as one applies electrodes and works to make good scalp contact and
to reduce the electrode impedance. To view the impedance values click Collection >
Impedance Measurement that will pause the traces and display the electrode montage head.
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In Monitor Mode Click Collection > Impedance Measurement and
Recording will Pause and the Impedance Electrode Montage will Appear

¢ NeuroGuide

tat Options Help

Moanitor

Record

aLise
L0 L) f i‘t‘?[‘
L Impedance Measurement...
¢ Setup..

; Hardware Selection

o BranSurfer...
¢ BrainSurfer...

¢ EventRelated Potentials

i Meurofeedback
¢ Inter-Session Progress

Collection

LI

Display Time 00:00 oo 0002 00:03 0004 0005 oo;
B

Pz-LE

Change the threshold to control the color of the electrodes where the color is red above
threshold and green at or below threshold
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Set the Threshold of Impedance for when Electrodes Turn Green

iﬁlrnpadamehm
Threshold (kOhen)
10,00 y @ E)
Impedance (kD) = ih_) E::) REF @
O s - -
o D)) D)D) N
F7 1000.00
:  mn Y99 v e ®
% jlﬁﬁ FT? = FT10
. YceoeoooO®
z )
Pz 1000.00
e 1003 00 @@@@@@@E@@ =)
gl _}%% T8 = 1119
) - -
- 9 OIOIB 1y
e N DIIIIDYID) Y g g
= Ef_'fj El‘f“j E'ﬂ\il) 3’) E)/Eg '@‘1"@
Close EED E:f? PJ'/I\D ﬁi@ @

Import EEG File and Enter Age

The EEG Demo file was obtained from a unidentified 54.6 year old patient with trauma to the
right parietal lobe resulting in a epidural hematoma. This EEG sample is only an example
tutorial selected to help users step through NeuroGuide's basic software features and there is
no diagnosis or clinical interpretation. NeuroGuide is only an adjunct to other clinical
information (competent clinical experience is required to use the electrophysiology of the brain
for clinical purposes). If you are a NeuroGuide user and want to explore different add ons then
the Demo mode is perfect for that. Click Help > Enter Demo Mode

From the Menu bar Left Click on File > Open > Lexicor > Lexicor NRS24 and then release the
mouse button to open the Demo example.
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NeuroGuide = K

File | Edit View Collection Montage Analysis Report MeurcStat Options Help
pen

o P MeuroGuide... Ctrl+M
Save Ctrl+5  ANT...
Save As ¥ BESA 9
Export As »  BioSemi...
e BrainMaster »
BrainScope...
— Brain Vision...
Exit Cadwell r
CapScan 2
Deymed...
EGI ]
Split Half Grass-Telefactor...
Human Bionics...
Lexicor ¥ | Lexicor NRS-24... L\sJ
Test Retest Man5can... Lexicor NRS-4...
Mind5et...
Mit=ar...
Display Time MeuroCybernetics...
I:I c J_I_ MeuroData... )

MeuraMavigator...

Universal file formats such as ASCIl and EDF, plus many EEG Machine formats (Native
Formats) are available in the non-Demo mode.
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@ MNeuroGuide... Ctrl+MN - F
File | Edit View Co T e o 5 MeuroStat Options Help
Open »
- ANT..
Save Ctrl+S  pesa y List of EEG Machine
Save As Ol S Formats that are
Export As r BioSemi... SuppDrtE‘d by
Close ErainMaster + NeuroGuide
; BrainScope...
Print .
Brain Vision...
Exit Cadwell ¥ | EasyEEG.. -
CapScean *  Spectrum 32..
Deymed...
EGI 3
Split Half Grass-Telefactar..,
Human Bionics...

Lexicor 3

s Import Different
i EEG Formats
e by Clicking

Mitsar... s
MeurcCybernetics... File > Open

MNeuroData...
MeuroData (DVHIP) 4

Display T MeurcMavigator...
lisplay Time

=

MeuroPrax...

5

MeuroPulse...
MeuroScan...
MeXus...
Micolet 4
Mihon Kohden...

Mulmps...

SynAmps 2
Thought Technology »
WinDaqg...

ALTEK...

EDF...
EDF+...

Text File (uV)...

Signal Generation...
Test Data 1 (Amp, Pha)
Test Data 2 (Moise)
Test Data 3 (DT Offset)
Test Data 4

Test Data 5

Test Data From File...

Key Institute 3

Evoked Potential »

Tutorial Files...

Access to NeuroGuide Age Dependent Norms Requires Specifying an
Age.
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This can be done by simply typing an age in the Age row or by typing in the Date of Birth and
the Date of EEG Test. Also, type in all of the subject information including Comments and click
Eyes Closed or Eyes Open depending on the recording condition. If you close the subject
information window, then to re-activate the subject information panel click Window > Subject

Information.
& Subject Information

Mame Joe TEi

Subject D Demo_I

|Date of Bith | 05/02/1949 | Age is Calculated
‘ by Entering the
Age 61 - .

Date of Birth and

Gender Male Date of EEG Test
Handedness | Paralyzed on Left

EEG ID DEMO ®) Eyes Closed:
[Date of Test | 12/12/2003 ] (") Eyes Open
Time of Test | 10:33:25

Technician Mr./Ms. Competent

Clinician Dr. | M Qualfied

Medication Mone

Comments

TBI resulting in right hemisphere epidural hematoma.

oK

Cancel
~

For demonstration purposes one can just type in a given Age, e.g., 55 years, select Eyes

Closed and click on OK .
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o Subject Information

Mame
Subject D
Date of Bith

{ Age 55.00 }

Gender

Handedness

EEG ID (@) Eyes Closed

Date of Test () Eyes Open

el e

[ N ] —

To Open and Use the Tutorial Files that you previously downloaded and installed using the
InstallationD*? Section of the Getting Started Manual and Tutorial. Click File > Open and then
Select Tutorial Files.

iﬁ’ MeuroGuide... Ctrl+M joGuide - O
File | Edit Miew Lo AT, rt MeurcStat Options Help
| Open P BESA 3

£ i o5, ABIATER..,

by
signal Generatign...

| Tutorial Files... % |

From the Read Workshop Example File window, Click on the down arrow at the end of the File
Type area and Select the NeuroGuide (*.ng) from the list of available file types, then Select the
Demo TBI.ng file from the list of available .ng Tutorial files. After Demo TBl.ng appears in the
File Name area, then click Load.
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& Read Workshop Example File
E}:ﬁ” |C:\Users\ B\ Documents\NeuroGuide\ TUTORIAL _FILES |
Look in: | | TUTORIAL_FILES j £ BB
L Mame . Date modified Type
-
Hec;*’T @52 Hz Increments 100uV p-p.ng 4/8/201410:58 AM  NeuroGui
dCES
? | 22 DemoTBl.ng 4/8/201410:58 AM  NeuroGui
. $ Drowsiness_EC_.ng 4/8/201410:58 AM  NeuroGui
Desktop gﬁﬁ* Eplilepsyl.ng 47872014 10:58 AM MeuroGui
— 'ﬁﬁ*F‘ain.ng 47372014 10:58 AM MeurcGui
uZ_l;J iﬁ* Stroke.ng 47372014 10:58 AM MeuraGui
Libraries
.-, Click on the File Name Above
L] to Select the Desired File
Computer
i Click the Down Arrow to View
T a List of Available File Types

£ >
_
File name: |DemnTBI.ng - I| Load M

[Flles oftype:  |NeuroGuide (ng) - _ Gancd |

Import ASCII or Text Files

Click File > Open >Text file in order to select an ASCIl formatted EEG file.

134
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i C\Users\Bob\Desk

Eile|§clit View Co

Mitsar...
MeuraCyhernetics...

MeuraData...

| Open Y NeuroData (DVHIP) b
Save Col+S MewroMavigator..,
Save As ¥ MewuroPraw..
Export As p  MeuroPulse...
MeuraScan...
Close
TleXus...
Brint Micolet »
Exit Mihon Kohden...
TongEmersar || o, MuAmps..
tnng?F‘ op SynAmps »
M?:gu{gn ne-L8 Thought Technalagy r
—————— | FR.LE .
5 plit Half WinDag...
=) PR XITEK..,
T3-LE
F3 0.93 T+LE  EDF..
& Ta-LE EDF +...
Ta-LE
Fz-LE | Teut File {ul]...

135

© 2002 - 2015 Applied Neuroscience, Inc.




/f NeuroGuide Manual Import ASCII or Text Files 136

'ﬁﬁ* Text File Parameters ﬁ

@ Header iz in File Test File Delimiter

Comma
Semicaolaon
Space
b ontage Tab

@) Uze File Header

Sampling R ate

i

& - 128

Channel Order Collection Hardware:

P ABM B-Alert % Series
ANT
Bialogic
BinSemi
Braintd aster 2B

mj »

| k. | | Cancel |

Navigate to the ASCII file and open the file. The ASCIlimport window below appears. Open the
ASCIl file in Word or Excel and examine the file and determine the channel order and delimiters
and whether or not there is a header in the file. One must know the Amplifier that recorded the
EEG, Montage or order of the channels, the sample rate and the delimiters. NeuroGuide will
search the file and help determine the delimiters or headers. If none is found then the default
window below is opened. If a different channel order is used, then select Montage and Create
New Montage. After creating a Montage to match the channel order, name the montage, save
and close. Re-open the ASCIlimport window and select this new montage.

Import EDF and EDF+ Formats

To Import EDF+ and EDF formatted files Click File >Open EDF+ or EDF. NeuroGuide assumes
that all channels were digitized at the same rate.
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Open ¥ MindSet..

ave Ctrl+5  Mitsar...

Save As F o MeuroCybernetics...

Export As y  MeuroData...
MeuroData (DVHIP) k

MeuraMavigator...

Close

Print MeuroPrasx...

E:at HleuraPulse...

kleuraScan...
BleXus...
Micolet r
Split Half Mihon Kohden...

; HMuAmps...
SynAmps »
Thought Technolagy 3
WinDag...
XLTEEK...

Test Retest

EDF...
| EDF +... |

EDF+ & EDF Collection Hardware and Collection Reference

Users must know the Amplifier that recorded the EEG (Collection Hardware) and Collection
Reference of the EDF+ and EDF file that you are importing.
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i@ EDF Parameters

===

Collection Hardware

(AER Bdlert = Senes

ANT

Biologic
BinSemi
Braintd aster 2B

Collection Reference

FO10
01
Oz
oz

b

|z

|2

A1
b2

iLE

GMD

Other # Unknawn

0k, | | Cancel |

Compute Joint-Time-Frequency-Analysis

NeuroGuide uses two JTFA analysis methods to compute the Joint-Time-Frequency-Analysis

as follows:

« The Adaptive Gabor Transform also called "Matching Pursuit"

The adaptive spectrogram automatically achieves the best joint time-frequency

resolution possible.

The method involves the adaptive oriented orthogonal projective decomposition
algorithm from Qian, S. and D. Chen. "Signal Representation Using Adaptive
Normalized Gaussian Functions." IEEE Trans. Signal Processing, vol. 36(10): 1 - 11,

1994 and Mallat, S., and Z. Zhang,
Dictionaries", IEEE Trans. Signal Process, vol. 41(12): 3397-3415, 1993.

Click Analysis > JTFA to activate the Gabor Adaptive spectrogram.

% The Complex Demodulation

138

"Matching Pursuits with Time-Frequency
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Dynamic JTFA uses complex demodulation to compute Instantaneous Power and
Phase.

Click View > Dynamic JTFA to activate this tool.

Click View > Dynamic JTFA to open the Dynamic JTFA Panel.

Click View > Dynamic JTFA and then Select the Mefric, Z or Raw Scores

Color Maps or Speciral Values, Frequencies and Display Options. Then
Click Apply and View the Dynamic JTFA. Change your selections click Apply

¢ Dynamic JTFA C=REE X |
! Absolute Power G/F{aw res @ Instantaneous Values
| Relative Power Z Scres Average of Signed Values
_ Average of Absolute Values
Amplitude Asymmetry
First Derivative
Coherence I
ond Derivative View JTFA Time Series
Phase (Absolute)
_ View Time Series Values

Phase (Straightened)
| Color Maps @ Delta

Phase Shift Duration @ Spectral Values Theta

Phase Lock Duration Alpha
| Beta

E High Beta

Select Absolute Power and Z Scores and click Apply. Then depress the left mouse button and
drag the mouse over the EEG tracings to dynamically produce absolute power. Change to
relative power or coherence or raw scores in the time domain, etc.

© 2002 - 2015 Applied Neuroscience, Inc.




NeuroGuide Manual

Joint-Time-Frequency-Analysis (JTFA) 140

Depress the left mouse button and
drag over the EEG tracings

Read the Instantaneous
absolute power or relative
Power or Magnitude or

Z scores as the mouse moves
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Dynamic JTFA Color Topographic Maps. To view Instantaneous EEG Power Values click View
>Dynamic JTFA and select Color Maps. Then drag the mouse over the EEG tracings to obtain

millisecond time resolution.
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To View Dynamic Color Maps, select Absoluie Power and Color Maps and
and click Apply and then depress the left mouse bution and drag over the

1 Deszervity_19
1 E3L5P) Forersge of Sgred Vel
[&ﬁ;‘m Awersge of Meackte Wakses
- o
ﬂsm 4o Sevond Dervace View JTFA Time Senea
Sl [alf Vierw Tirs Sened Waleed
L - @ Color Maga & Deta
FF2 100
A Spectral Visles Trta
Fioss 4 Prase Lok Durstar Mok
Tesl Retest

To view Instantaneous EEG Z Score Values click View > Dynamic JTFA > Color Maps and

select Z Scores. Then drag the mouse over the EEG tracings to obtain 7 millisecond Z Score
time resolution.
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Click View > Dynamic JTFA > Absoluie Power and Color Maps and then
Click and Click Z Scores. Drag the mouse over the EEG tracings to view
Iinstantaneouws Z scores, e.g., 7 millisecond time resolution
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After launching the dynamic JTFA Z Scores then click Report > Report Options > Z Scores and
set Normal color = white and Normal Z Score range = 2.0 (see section 10f). To view

Instantaneous EEG Power Values click View >Dynamic JTFA > Color Maps.
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Click View > Dynamic JTFA > Absoluie Power and Color Maps and then
Click and Click Z Scores. Change the Z score settings by clicking Report >
Report Options > Z Score and then select nommal color while and nomrmal

Range =20. Then Drag the mouse over the EEG fracings to view
Instantaneons Z scores at 7 millisecond time resolution
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Activate the instantaneous coherence JTFA by clicking View > Dynamic JTFA > Coherence.
The default reference channel is Fp1l, double click the label of a different channel to change the
reference. Depress the left mouse and drag over the EEG tracings to view the instantaneous

changes in coherence.
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Click View > Dynamic JTFA > Coherence t0 activaie instanfaneous Coherence.
The Fp1 is the default channel as one of the pair of channels. Double click a
different channel label 10 select a different channel as the channel that is the
wsed in the coherence computations. Drag the mouse over the EEG tracings
and view the dynamic updaies of the color fopographic maps.

i..'.‘ ¢2\FEG_ CLINICAL REPORTs EXCEL %P vZ 04T

echon Moemade  Analves  Beport | Sieesees edes  Bep

Ee

qs
i

Activate the instantaneous phase JTFA by clicking View > Dynamic JTFA > Absolute Phase or
Signed Phase. The default reference channel is Fpl, double click the label of a different
channel to change the reference. Depress the left mouse and drag over the EEG tracings to
view the instantaneous changes in phase delay. Absolute phase varies from 0 to 180 degrees
and signed phase varies from 0 to 360 degrees and contains the singularity when 0 = 360.
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Click View > Dynamic JTFA > Phase to activaie instantaneouns Phase delays.
The Fp1 is the default channel as one of the pair of channels. Double click a
different channel label to select a different channel as the channel that is the

wsed in the phase computations. Drag the mouse over the EEG fracings

and view the dynamic updaies of the color fopographic maps. Absolule phase

is the square of the phase delay and ranges between 0 & 180 degrees.
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Select First or Second Derivatives of instantaneous time-frequency analyses:
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Compuie First or Second Derivatives of the JTFA Time Series Click View >
Dynamic JTFA > First or Second Derivative.
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To View the JTFA time series Click View >Dynamic JTFA > View Time Series.
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To View the JTFA Time Series Click View > Dynamic JTFA > View Time Series.
Click Frequency Band and then the frequency band that you want to view
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To Export the JTFA time series in tab delimited format first click Frequency Band to select a

frequency and then click View > Dynamic JTFA > Export Time Series.

© 2002 - 2015 Applied Neuroscience, Inc.



. //
-4

//j’ ' NeuroGuide Manual Joint-Time-Frequency-Analysis (JTFA) 148

To Export the JTFA Time Series Click View > Dynamic JTFA > Export Time Series.
Click Frequency Band and then the frequency band that you want to export

X
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JTFA Feature Detection

JTFA Feature Selections allow one to include or exclude different features of the EEG record
and either remove or add the JTFA Selections to the Manual or Automatic Selections described
previously.

To activate the JTFA Feature Detection Panel... Click Edit > JTFA Selection. Then Select one or
more of the Montage Channels, then Select an EEG Measure (Absolute or Relative Power or
Power Ratio), Select a Frequency Band or a Frequency Ratio (if Power Ration was selected),
Select Raw or ZValues, Select the Value Range, Select Exclude or Include and then Click OK.

One can either continue Selecting various Features to Detect and Include or Exclude from
other Channels, Measures and/or Frequencies or Click Close to view the selections.
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o JTFA Feature Detection
rSelect a Measure == EE E e . or Select a Frequency Ratio —
(@) Absolute Power (@) Delta ®) Delta / Theta heta / Beta
(") Relative Power () Theta Delta / Alpha Theta / High Beta
() Power Ratio () Mpha Detta / Beta Alpha / Beta
() Beta Deltta / High Beta Alpha / High Beta
() High Beta Theta / Mlpha Beta / High Beta
= -
p — i 1" Select a Value Range
5 (@) Greater Than
v|FP1-LE 2 %1 3.00 () Raw Values
W
F3-LE _ (® Z Values
F4-LE () And
C3LE e
CALE . COr oK L\\?
F3LE _
P4-LE (@ Less Than () Include
01-LE lal Close
02-LE ¢ ~ -3.00 (8 Exclude =
Select 1 or More

Manual Selection or Deselection (by dragging the Left or Right Mouse over the EEG tracings)
overrides any of the previous Automatic Selections or JTFA Feature Selections (inclusions or
exclusions). If Exclusion of a particular feature, e.g., Delta activity in Fpl & Fp2 > 2 standard
deviations is chosen, then a Black Bar at the bottom of the EEG display will mark the excluded
segments. If Inclusion of a particular features is chosen, then a Red Bar will mark the included
segments at the bottom of the EEG display.
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The License Manager is a Server with customer's keys and License information. Itis used to
renew the renewable 2nd license by clicking Help > Update Security Keys Online. One must
be connected to the internet in order to use this feature. It is important to click Help > License
Information first to know when your license is set to expire or be renewed, etc.

Help [

MeuraGuide Manuals...

About MeuraGuide...
License Information...

Yersion Information...

Change Security Keys...

| Update Securty Keys Online...

Enter Demo Made

LORETA Key Institute Software and Viewer

Download and Install_the free Key Institute LORETA programsD* using the link and
instructions on the InstallationsB*? page of in Getting Started?® section of this manual. After the
user has received the password from the Key Institute and the Key Institute software is
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installed on the users computer then the LORETA viewer program can be launched directly
from the NeuroGuide edit window.

To analyze raw source current values Select artifact free EEG samples then Click Analysis >
LORETA > LORETA Current Density > Raw Scores. The units for the square root transform of
the squared source current vectors are amperes/meter”2.

i Lexicor NRS-24 Demo b L e L T e - - P» . -
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LongBP | paLe LORETA Phase Lack L4
angTranBF‘

Mindo16 LORETA Export

tindo32 C4LE _

tindod LORETA Source Carrelation 3
Minda8  -J| pye MWMM v LE

Split Half -

AVE
P4-LE
\W/\WMVW Convert LORETA, (lor) to Tab Delimited Text...

w1z Convert Tab Delimited Text to LORETA, {lar)...
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A

Simultaneous NeuroGuide and LORETA Viewer
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Example of Simultaneous LORETA Viewer and NeuroGuide. Click
Back and Forth between NeuroGuide and the LORETA Viewer
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Time Frames are Frequencies from 1 to 30 Hz in 1 Hz increments.
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Time Frame is Frequency from 1 to 30 Hz

The cross-spectral values are computed according to the equations provided by the Key
Institute for frequency domain analysis (i.e., Hermitian matrix multiplication as specified in the
Key Institute documentation) and the spatial localization can be independently verified by
exporting the same digital EEG selections in the time domain and then manually importing the
data into the Key Institute's LORETA viewer software. The automatic launching of the LORETA
viewer involves the use of the electrode coordinates and T- Matrix described in Appendix D,
therefore saving the user of NeuroGuide the trouble of manually importing the raw digital time
domain data into the to cross-spectral steps described by the Key Institute's documentation.
See the Key Institute documentation to learn how the *.crs file and the *.lorb are computed and
then passed to the LORETA viewer by NeuroGuide.

Select artifact free EEG samples then Click Analysis > LORETA > Current Source Density > Z
Scores. This procedure exports normative database Z Scores which is an add on feature of
NeuroGuide. See Appendix F for details.
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g Eoran MMWW LORETA Phase Shift ,
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m!ngo; g o LORETA Export , AP
M::dzat LORETA Source Correlation 3
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EE; agg Convert LORETA, {lor) to Tab Delimited Text...
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Click ScaleWin and then click Time Frame >to advance from 1 to 30 Hz and view the default

maximum Z Scores.

Note that the Z Scores of the maximum and minimum blue and red pixels

in the MRI sequence may or may not be statistically significant (i.e., Z > 2 standard deviations).
That is, the default ScaleWin only displays the "maximum” and "minimum" Z Scores which
may or may not be Z > 2 standard deviations. Click "Play" to automatically step through the
entire spectrum of Z Scores and note the Z Score maxima and minima. Click the NeuroGuide
edit window and identify the frequencies at which the maximum deviations from normal occur
on the scalp surface and then type these frequencies into the Explorer Viewer time frame and
examine the LORETA solution.
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Click — ScaleWin and Adjust the Color Scale and Viewer Settings
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\ |
Change Z Score Adjust Color DO Not CHe_cI: “Fit Maxamum™ to scan
Max & Min Extremes For the Maximum Z Score Value

Click - ScaleWin in the Viewer and then check "Fit Maximum" and move "Change Max" wiper
to adjust Z Score thresholds and move "Change Linearity" wiper to adjust color extremes. Z
Scores are only valid if they correspond to the surface EEG measures in the NeuroGuide edit
window. Click the NeuroGuide EEG tracing and dynamic FFT window and determine the
frequencies of maximum deviance from normal and then click the LORETA Viewer and change
frequency and Z Score settings accordingly. Details of normative database creation and
validation using the Key Institute software and NeuroGuide computation of the Key Institute
equations are provided in Appendix F.
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Click — ScaleWin and Adjust the Color Scale and Viewer Settings
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| \ e
Change Z Score Adjust Color Check “Fit Maxamum™ to scan
Max & Min BExiremes For a Threshold 7 Score Value

In the LORETA Viewer Click "3DSurf" to Open the 3-Dimensional Rendered Brain. Click
"Orthoview" to Produce a Full View of the Rendered Brain and the Location of Z Scores. Click
"Left" or "Right" to View the Hemispheres.

Convert .lor files for easy import into Excel and other Statistical Packages. The conversion
takes 1 column and 71,820 rows (i.e., 30 Hz x 2,394 = 71,820) and transforms to 30 columns (1
to 30 Hz) and 2,394 rows (all gray matter pixels)
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LORETA Coherence and Phase Differences

After selecting at least 30 seconds of artifact free EEG data, then click LORETA > LORETA
Coherence > Raw Scores to compute the Raw LORETA Coherence values that range from 0 to
100 (i.e.,coherence from O to 1 times 100 to scale to percent variance).
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Save the bitmaps and/or tab delimited Raw LORETA Coherence data file by clicking File >
Save.
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L | Bitrnap Graphics Files... |
Tab Delimited Text... LORETA Coherence

Left Brodmann Area 1 Right Brodmann Area 1

Amrrgdala
19

To compute LORETA Coherence Z Scores click LORETA >LORETA Coherence >Z Scores
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Save the LORETA Coherence Z Scores bitmaps and/or tab delimited data file by clicking File >

Save.
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i | Bitrnap Graphics Files... |
Tab Delimited Text...
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To compute LORETA Phase Differences raw scores click LORETA > LORETA Phase > Raw
Scores
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Save the bitmaps and/or tab delimited LORETA Phase Differences Raw Scores data file by
clicking File > Save.
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Eile | Edit
i | Save b | Bitmap Graphics Files... |
Close Tab Delimited Text... LORETA Absolute Phase

Left Brodmann Area 1 Right Brodmann Area 1

To compute LORETA Phase Difference Z Scores click Analysis > LORETA >LORETA Phase > Z
Scores. Save the LORETA Phase Difference Z Scores bitmaps and/or tab delimited data file by
clicking File > Save.
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Eile | Edit
[ | Save b | Bitmap Graphics Files... |
Close Tab Delimited Text... Z Scored LORETA Absolute Phase

Left Brodmann Area 1 Right Brodmann Area 1

LORETA Current Density Z Scores

To avoid multiple comparison statistics that cause large Type Il statistical error we recommend
the use of planned comparison statistics based on hypotheses formed prior to launching
LORETA. For example, start with patient's symptoms and then based on the scientific
literature hypothesize the most likely Brodmann areas (nodes) and connections between
nodes in networks linked to the patient's symptoms. For example, a patient with attention
deficit disorder (ADD) then hypothesize the attention network, or anxiety symptoms with the
anxiety network or depression symptoms with the depression network, etc. A google search
of these networks will help identify the nodes and connections or the use of PubMed or the
Handbook of QEEG and EEG Biofeedback are recommended.

Hypothesis Formation and Planned Comparison Statistics
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It is best to double click Laplacian in the montage window to the left of the neuroguide edit
screen in order to compare the surface Laplacian to the LORETA sources. The reason is that
the surface Laplacian and LORETA sources are the same measures of CURRENT in amperes
and not VOLTAGE in microvolts. The scalp linked ears or other common referenced electrical
fields are transformed by the 2nd spatial derivative into current density in amperes which
minimizes the large spatial distribution of voltages and replaces the electrical field with focal or
spatially localized gradients of change in the electrical field. The same process happens with
LORETA sources, i.e., a Laplacian operator converts the surface microvolt electrical field
gradients into 3-dimensional current sources in microamperes and therefore there is a much
closer alliance and hypothesis testing capability when one compares the surface Laplacian to
LORETA. This is why the surface Laplacian and LORETA are so powerful in minimizing
medication or drug effects because they eliminate the low spatial frequencies that medications
cause due to their blood stream introduction effecting widespread brain regions. Therefore,
please make sure that you double click Laplacian for the montage to form hypotheses about
expected deviant Brodmann areas.

To help form hypotheses, identify the frequency of deviant Z Scores in the surface Laplacian
montage. Then move your mouse over the channel label with a significant Z Score at that
frequency and then right mouse click prior to launching LORETA. Then confirm or disconfirm
your hypotheses based on both frequency and location after launching LORETA Z Scores.
Below is an example of hypotheses formed at 5 Hz for C4 and P4 in the Demo patient.

F4-C50 WWWvWV WLll
CI-CED0 frmnmd sty P e e il

cacso M4 Right Brodmann Aréas 4, 3,
L |I"Irl'| o

[
Pa-CED MMWWMW
-0 . R ;\ R ~ A
P4C5D Right Brodmann Areas 40, 3,1, 2,5, 23,13, 30
[ r

v

e e b M o ,J'Inl\—.m .. FM'LM"..
Select artifact free EEG samples then Click Analysis > LORETA > LORETA Current Density > Z

Scores. This procedure uses the Key Institute 'T' matrix to calculate current sources from
each voxel and each raw value is subtracted from the normative database mean divided by the
standard deviation to compute a Z Score. The LORETA normative database Z Scores is an
add on feature of NeuroGuide. See Appendix F for details.

oi-cs0
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Click ScaleWin and then click Time Frame > to advance from 1 to 30 Hz and view the default

maximum Z Scores.

Note that the Z Scores of the maximum and minimum blue and red pixels

in the MRI sequence may or may not be statistically significant (i.e., Z > 2 standard deviations).
That is, the default ScaleWin only displays the "maximum” and "minimum" Z Scores which
may or may not be Z > 2 standard deviations. Click "Play" to automatically step through the
entire spectrum of Z Scores and note the Z Score maxima and minima. Click the NeuroGuide
edit window and identify the frequencies at which the maximum deviations from normal occur
on the scalp surface and then type these frequencies into the Explorer Viewer time frame and
examine the LORETA solution.
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Click — ScaleWin and Adjust the Color Scale and Viewer Settings
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Click - ScaleWin in the Viewer and then check "Fit Maximum" and move "Change Max" wiper
to adjust Z Score thresholds and move "Change Linearity" wiper to adjust color extremes. Z
Scores are only valid if they correspond to the surface EEG measures in the NeuroGuide edit
window. Click the NeuroGuide EEG tracing and dynamic FFT window and determine the
frequencies of maximum deviance from normal and then click the LORETA Viewer and change
frequency and Z Score settings accordingly. Details of normative database creation and
validation using the Key Institute software and NeuroGuide computation of the Key Institute
equations are provided in Appendix F.

© 2002 - 2015 Applied Neuroscience, Inc.



NeuroGuide Manual LORETA Current Density Z Scores 167

Click — ScaleWin and Adjust the Color Scale and Viewer Settings
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In the LORETA Viewer Click "3DSurf" to Open the 3-Dimensional Rendered Brain. Click
"Orthoview" to Produce a Full View of the Rendered Brain and the Location of Z Scores. Click
"Left" or "Right" to View the Hemispheres.

Convert .lor files for easy import into Excel and other Statistical Packages. The conversion
takes 1 column and 71,820 rows (i.e., 30 Hz x 2,394 = 71,820) and transforms to 30 columns (1
to 30 Hz) and 2,394 rows (all gray matter pixels)
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LORETA Export of EEG Time Series in ASCIl Format Easy Steps
NEUROGUIDE TIME SERIES EXPORT

1. After editing the 19 channels of digital EEG, in the NeuroGuide menu bar select Analysis
> LORETA Export and click on Overlapping Windows and the Save Export Files window
will appear.

2. In the Save Export Files window Click on the create folder button and name the folder
Overlap-LE

3. Double click on the new folder (i.e., Overlap-LE), name the files LE and then click Save.

LORETA Key CROSS-SPECTRUM

1. Download the FREE Key Institute LORETA software (www.unizh.ch/keyinst/
NewLORETA/Software/Software.htm) and then launch it and double click on EEG cross-
spectrum (users must first obtain a password to use the FREE Key Inst. Software).

2. From the FREE Key Inst. EEG cross-spectral maker menu select ALEEGs -> 1Spec(aut)
and navigate to where you saved the LORETA Export files from NeuroGuide (i.e., step #2).
Click Add this folder and click add all sub-folders.

3. Type: Number of electrodes = 19, Number of time frames = 256, sample rate = 128, select
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normalize each EEG file, select the top frequency option, click GO.

LORETA Key 3-D IMAGES

1. Re-Activate the main LORETA window and double click LORETA Explorer for cross-
spectrathen in the menu bar select File > Open EEG-crs and select the crs file created in
steps # 5 & 6, Open Electrode Coords and select Lex-TalairachCoord.xyz, highlight
File>Open TransfMatrix and select the file LexTMatrix.tm file.  These two files were
created using the Key Institute Electrode Coordinates Maker and the Lexicor electrode
order for the international 10/20 system of electrodes. Download the coordinate and
transfer matrix files at www.appliedneuroscience and click the demo webpage to
download.

2. Now click on the part of the spectrum that you are interested in and create the 3-D
displays that you are interested in. Try 3Dsurf and ScaleWin and please read the
LORETA-Key manual pages 34 and 35.

Details of Export of ASCII EEG as a Time Series

After making your edit selections in the NeuroGuide edit window, highlight Analysis in the
menu bar and select LORETA Export. There are two options: Overlapping Windows or
Successive Windows.

For purposes of this demo, select Overlapping Windows by highlighting with the left mouse
button. Then click on Overlapping Windows.

15b Save Key Inst. Formatted Files in a Folder

Click on the create folder button and name the folder Overlap-LE (e.g., for Cross-Spectral
Linked Ears montage). Open the folder & type the file name LE.txt and click save. This will
save the successive ASCII files in the Key Inst. Institute format for the A1IEEGs -> 1Spec(aut)
option.

Selection of the Overlapping Windows option minimizes the FFT windowing effects by
overlapping 256 point x 19 channel EEG segments by 75% in ASCIl format (see Kaiser &
Sterman, J. of Neurotherapy, 4(3): 85-92, 2001). This is a standard procedure in NeuroGuide,
including the method by which the normative EEG data was analyzed.

The Successive Windows method saves successive 256 point data without overlapping which
is not optimal as discussed by Kaiser & Sterman, 2001). The user is encouraged to compare
and contrast the Successive Windows vs the Overlapping methods in order to see the effects
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of the cosine taper windowing of a 256 point FFT.

Export of ASCII EEG Time Series to LORETA EEG Cross-Spectra and
LORETA Explorer

First download the Lex-Talairachcoord.xyz and the Lex-TalairachTMatrix.tm files from the
Demo page of www.appliedneuroscience.com and save these files in a convenient location.
The user must download the free Key Institute LORETA Internet software by going to http:/
www.unizh.ch/keyinst/NewLORETA/Software/Software.ntm). Once the Key Inst. Software is
installed, launch the LORETA program and double click on EEG Cross-Spectra

Activate the EEG Cross-spectral maker > AIEEGs ->1Spec(aut)

As described on page 34 of the Key Inst. Documentation the ALEEGs -> 1Spec(aut) option
computes 1 single cross-spectral file for each and every 256 point NeuroGuide time series file
that the user previously saved as described in section 11la.

Navigate to the location where you created the folder Overlap-LE described in 11a and then
click Add this folder -> and add all sub-folders ->. Type 19 as the number of electrodes, type
256 as the number of time frames/EEG file, type 128 as the sampling rate (Hz), click Normalize
each EEG file (deselect Force Average Reference users are encouraged to repeat these steps
using Force Average to compare and experiment), click the Discrete frequency selection and
set the lower end =1 Hz and the Upper end = 30 Hz then click Go. A cross-spectral file with a
*.crs extension will be saved with the same folder name of Overlap-LE that you created in
section 11a.

LORETA Explorer for EEG Cross-Spectrum

Double click LORETA Explorer for Cross-Spectrum in the main LORETA Key Institute window.
Highlight File > Open EEG crs and navigate to the folder where the *.crs file was saved in
section 15b and select the cross-spectral file that you created. Highlight File > Open Electrode
Coords and navigate to select the electrode coordinate file for Lexicor. NeuroGuide uses the
Lex-Talairachcoord.xyz file which was produced by the Key Inst. Talairach Electrode
Coordinate Maker and is compatible with the Lexicor order of electrodes using the LORETA
Export menu. Repeat this step and highlight File>Open TransfMatrix and select the file and the
Lex-TalairachTMatrix.tm which was also produced by the Key Inst. Software using the Lexicor
electrode order.

Create 3-D Maps

To create 3-D LORETA maps use your left mouse button to select one of the eight frequency
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bands and then click Viewl. 3-D LORETA source localization will appear at the top of the
screen.

Click 3Dsurf at the top of the LORETA Explorer menu to activate the cortical surface images.
Click Orthoview to produce 9 different views.

In the LORETA Explorer Place the Color Scale Window Below the 3-Dimensional Images. Set
the Change Linearity Wiper to the far right and then move the Change Max Wiper to the right
and left. Observe how the absolute power values spatially extend from the Midline Visual
Cortex or the Midline Occipital Cortex (near to Visual Area 17) and then spreads to Visual Area
18 as the Change Max Wiper.

Save the LORETA Images in jpeg format. Click File and then Save As.
Examine All of the LORETA Slices. Click AllSlicesWin in the LORETA Explorer Menu.
Save the All Slices LORETA images in jpeg format by Clicking Save.

Repeat Step 15a to 16g by importing a different NeuroGuide Output file into the LORETA
Explorer by clicking on the Open EEG/ERP menu. Repeat Steps 16b 16g with a different
NeuroGuide ASCII time series output, for example, an Eyes Open condition from the same
subject and explore the fine details of the 3-Dimensional Sources of the EEG. Enjoy exploring
relationships between frequency and 3-D space and brain anatomy using NeuroGuides
Exports to LORETA.

Export LORETA *.lor files to Excel and Other Statistical Packages in tab
delimited format

The *.lor files created by NeuroGuide are 71,820 rows and one column. That is, 2,394 x 30 =
71,820. Excel and other statistical packages often have limits to the number of rows that can
be imported. In order to facilitate export to statistical programs and database programs
NeuroGuide provides a tab delimited export utility that converts the NeuroGuide generated *.lor
files into a tab delimited file with 2,394 rows in the Key Institute pixel order and 30 columns of
frequency from 1 to 30 Hz. A return conversion from a tab delimited file with 2,394 rows and
30 columns to a *.lor file with 71,820 rows and 1 column is also available in NeuroGuide.
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LORETA is a special and excellent program and the user needs to read the LORETA Explorer
manual that is provided with the program from the Key Institute before using it.

A number of different tools are available after you launch the Key Institute LORETA programs.
Validation of LORETA is necessary before one can trust the solutions that are provided.

Try validating by comparing Eyes Open vs Eyes Closed changes in amplitude of the alpha
rhythms. It is expected that if the visually observed alpha is maximal in Ol and O2, then it
should also be maximal in LORETA in the posterior cortical regions and not in the midline Pz
lead or in anterior cortical regions, etc. Users must be cautious to validate LORETA to the
extent that LORETA is consistent with physiological information and the re-montaged digital
EEG.

LORETA Phase Reset

LORETA phase reset is an add on product that is made up of two parts: LORETA phase shift
duration and LORETA phase lock duration. After selecting at least 30 seconds of artifact free
EEG (& preferably one minute or more) then Click Analysis > LORETA > LORETA Phase Lock
or LORETA Phase Shift and select Raw scores or Z Scores. Raw scores are displayed in a
contour map with the x-axis as frequency and the y-axis are Brodmann area pairs with respect
to each Brodmann area designated at the top of each contour map. The colors of the contour
map are scaled in milliseconds as depicted by the horizontal color bar at the bottom of each
contour map.
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Analysis | Beport MeuroStat Options Help

Bi-Spectral Analysis -
EFT Power Spectra NWWW Ww\/w
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NeuroBatch.. LORETA Coherence M *
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Adjust the Z Score range for LORETA phase reset Z Scores by clicking Report > Color Map
Settings

ﬂepnrt|ﬂeurn§tat Options  Help
Beport Selections...

Complex Demodulation »

Complex Demaodulation 2 »

Colar Map Settings...

Generate Report...

Create Symptom Check List Match
Symptom Check List Protocol Creation...

Click the Z Score Tab and open the Z Score color settings panel and set the normal range
where the color is green and the deviant or upper Z Score range where the colors are orange to
red in the contour maps
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Here is an example contour map of LORETA Phase Lock Duration Raw Scores
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LORETA Phase Lock Duration (ms)
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Here is an example of LORETA Phase Shift Duration Z Scores
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Z Scored LORETA Phase Shift Duration
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LORETA Source Correlation Normative Database

NeuroGuide computes the Pearson Product Correlation Coefficient (-1 to +1) with respect to
current density in a 3-dimensional Region of Interest (ROI) and the remainder of the 2,394
LORETA Gray Matter Pixels and then displays the results in either the LORETA Viewer or using
Color Contour Maps (see Appendix G). The ROl is identified by either an Anatomical Name or
by Brodmann Area. The average current densities of the ROI are used in the computation of
the correlation coefficient and the ROI correlation with itself =0 in the LORETA Viewer.

The NeuroGuide Source Correlation Normative Database is an add on product and the Source
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Correlation Normative Database must be downloaded and installed separately. (see How_to
Install the Add-On Normative Databases™ located in the Installations?*? section of the Getting
Started™® part of this Manual) Use the normative database as a reference to evaluate the
magnitude and direction of the LORETA source correlation from 6 months to 82 years of age.
Because the correlation coefficient is bounded at +1 & -1 the distribution of scores is often
kurtotic and skewed and therefore not normally distributed. In order to better approximate a
normal distribution the LORETA source correlation of gray matter pixels were averaged within
46 ROIs as compared to the 66 ROIs available for the raw correlations. A table of the 46 ROIs
used for the normative database is in Appendix G.

To view regions of interest, click Analysis > LORETA >LORETA Source Correlations > LORETA
Key Viewer > Z Transformed Region of Interest Correlations. For raw scores, select Region of
Interest Correlations and not the Z Scores
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Select the Anatomical Region of Interest, age and hemisphere and click OK
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& LORETA Z-Transformed ROI Carrelation =

@ Left Hemizphere Anatomical Region of Interest
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Cuneus

Fusiform Gz
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kiddle Temporal-SubGyral Gyros
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Fostcentral Gerus

k. Cancel

Select Left or Right or Both Hemispheres and Select Anatomical Names or Brodmann Areas
and then Select the ROI to be Correlated with the Remainder of the 2,394 Gray Matter Pixels.

Brodmann assigned numbers to various cortical regions by analyzing each area's cellular
structure starting from the central sulcus (Area No. 1). Different cell structures resulted in
different Brodmann Area numbers. Below are illustrations of the Brodmann areas for the
lateral sagital surface of the cortex as well as the medial surface. Use the illustrations below to
aid in deciding which Brodman Areas and/or Anatomical Locations to be selected.
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Save the Correlation Values in .LOR Format for Later Review or Click Cancel to Launch the
LORETA Viewer

After the LORETA Viewer Launches Click ScaleWin and Adjust the Change Max Wiper to the
correlation value that is statistically significant based on the Degrees of Freedom (i.e., number
of 2 second epochs or the edit time in seconds divided by 2). Then click Time Frame arrows to
advance from 1 to 30 Hz and view the correlations between, e.g., the Right Inferior Temporal
Gyrus and the remainder of the 2,394 pixels.

Click AllSlices in the LORETA Viewer to Examine Source Correlations between the ROI (e.g.,
Right Inferior Temporal Gyrus) and the Remainder of the 2,394 Gray Matter Pixels

© 2002 - 2015 Applied Neuroscience, Inc.



NeuroGuide Manual LORETA Source Correlation Normative Database 180

LORETAKEY

BN ]

219 ] o ] T

C Wrogrars Fies Nesolasde’,T s 15 gl TF <5]

To Activate the Color Contour Maps Click Analysis > LORETA > LORETA Source Correlation >
Contour Maps > Region of Interest Correlation

Create Individual Analysis File (*.ila)

To view the Z Scores of the source correlation normative database click Analysis > LORETA
Source Correlation > Create Individual Analysis File (.lia) and save the .lia file in the subject's
folder.
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To view source correlations in a contour map, click Analysis > LORETA Source Correlation >
Contour Maps and then either raw scores for the regions of interest or Z transformed regions
of interest. Select the LORETA Individual Analysis File and then name and save the .lor file or
click cancel to launch the LORETA viewer. As explained in Appendix G, there was a tendency
toward a kurtotic distribution, e.g., 0.13% is expected at 3 standard deviations while the
observed cross-validation percentages at 3 standard deviations were .06% and .02%. For this
reason users of the LORETA source correlation normative database are recommended to use
2.5 SD or 3 SD as the alpha for clinical comparison purposes.

To View source correlation Z Scores of the normative database using the color contour maps
click Analysis > LORETA Source Correlation > Contour Maps> Z Transformed Regions of
Interest Correlations.
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Enter the correct age and the correct database condition of eyes closed or eyes open and
then click OK.
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Example of Z Score Color Contour Maps. The Analysis output page contains four ROI
Correlations to 23 left and 23 right hemisphere maps on each page. There are 17 pages so that
all 46 ROl correlations are available (see appendix G for details of the selection of 46 ROIs). The
X-Axis is frequency from 1 to 30 Hz, the Y-Axis are the 22 ROIs (see table of abbreviations in 17j
and on the last page of Analysis output window). The ROIs are ordered by distance from the
reference ROl using the Talariach coordinate system (square root of the sum of squares of x, y
& z). The absolute distance in millimeters is the first column in the Tab Delimited output (click
Save > Tab Delimited Text). The Z-Axis are Z Scores that are color scaled between + & - 3
standard deviations.

© 2002 - 2015 Applied Neuroscience, Inc.



NeuroGuide Manual LORETA Source Correlation Normative Database 183

LORETA ROI Correlation

Left Anterior Cingulate Right Anterior Cingulate

Table of abbreviations of normative database source correlation ROIs is the last page of the
color maps in the Analysis Output panel. A smaller number of ROIs (N = 23) were used for the

normative database in order to achieve adequate approximation to Gaussian and high cross-
validations (e.g., > 95%).
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AG FAngular Gyras

AT Prterior Cingulate

CiG Cingulate Gyrus

Cu Cuneus

EMN Extra- Muclear

FG Fusiform Gyrnus

IFG Inferior Frontal Gynis
106G Inferior Occipital Gyrs
IPL Inferor Parietal Lobule
ITG Inferior Temporal Gyrs
In Inzula

LG Lingual Gymis

MiF G ledial Frontal Gyrus
hidF G hiddle Frontal Gyms
hi0 G lviddle Occipital Gyrus
hT G hiddle Temporal Gyrus
oG Orbital Gyrs

PCL Paracentral Lobule

PHG Parahippocampal Gyms
PCG Posteentral Gyrus

PC Posterior Cingulate
PreCG Precentral Gyrus

PCu Precuneus

RiG Fectal Gynis

5G Subcallosal Gyrus
SubiG Sub-Gyral

5FG Superior Frontal Gyrus
506G Superior Occipital Gyrus
5PL Superior Panietal Lobule
5TG Superior Temporal Gyrus
ShiiG Supramarginal Gyrus
TTG Transverse Temporal Gynis
Un Uncus

Neurophysiological model used to explain and interpret source correlation maps is based on
Braitenberg "Cortical architectonics: general and areal". In: Architectonics of the cerebral
cortex, edited by M.A.B. Brazier and H. Petsche, New York, Raven Press, 1978, pp. 443-465 and
Schulz, A. and Braintenberg, V. "The human cortical white matter: Quantitative aspects of
cortico-cortical long-range connectivity". In: Cortical Areas: Unity and Diversity, edited by A.
Schultz and R. Miller, Conceptual Advances in Brain Research, London, 2002, pp. 377-386. See
Thatcher et al "Spatial-Temporal Current Source  Correlations _and __ Cortical
Connectivity" (Clinical EEG and Neuroscience, 2007 Vol. 38(1): 35-48. To download copy visit
www.appliedneuroscience.com and highlight Articles & Links and click on_Articles).
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Example of Color Contour Maps. The Analysis output page contains four ROI Correlations to
32 left and 32 right hemisphere maps on each page. There are 17 pages so that all 66 ROI
correlations are available. The X-Axis is frequency from 1 to 40 Hz, the Y-Axis are the 32 ROIs
(see table of abbreviations in 17j and on the last page of Analysis output window). The ROIs
are ordered by distance from the reference ROI using the Talariach coordinate system (square
root of the sum of squares of X, y & z). The absolute distance in millimeters is the first column
in the Tab Delimited output (click Save > Tab Delimited Text). The Z-Axis are correlation
coefficients that are color scaled between the maximum and minimum values.

ROI Abbreviation Table is on the last page of the Analysis Output
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An-5P-PG Angular-Super Panietal- Supramarginal Gyrus
A Anterior Cingulate

CiG Cingulate Gyrus

Cu Cuneus

FG Fusiform Gyrnus

IF-EniG Inferior Frontal-Bxtra Muclear Gyms
IPL Inferor Parietal Lobule

ITG Inferior Temporal Gyrus

IM5-00G Inferior-hiddle- Superor Occipital Gynas
In In=ula

LG Lingual Gyris

MiF-5G hedial Frontal-Subcallasal Gyris
hiF G hiddle Frontal Gyms

hit-50G hiddle Temporal- SubGyral Gyris
Or-RG Orbital- Fectal Gymis

PHG Parahippocampal Gyrus

PCG Posteentral Gyrus

PC Posterior Cingulate

FCu Pracunaus

Pre-PCL Pre-Para Central Lobule- Gyrus

5FG Superior Frontal Gyrus

5-TTG Superior-Transwerse Temporal Gyrus
Un Uncus

To Save the Color Contour Maps in Bitmap Format Click Save > Bitmaps Graphics Files. Then
create a folder and name the files and then save them. Click Save > Tab Delimited Text to save
the raw correlation files in text format.

LORETA Time Domain Capture

LORETA Time Domain Capture tool allows for 3-Dimensional source analysis of a selected time
series (1,024 maximum number of time points). For example, the source localization of a theta
or beta burst or a spike & wave event in the EEG traces can be exported to the Key Institute
LORETA program for rapid analysis of an EEG event. The LORETA Time Domain Capture tool
is activated by Clicking View > LORETA Time Domain Capture. Note this feature will only
work after you install the Key Institute's LORETA-Key Software package (see the InstallationD*2
section of the Getting Started Manual & Tutorial).

View | Collection Montage Analysis

Polarity »
FEG Tracings x
Edit Data

Event Marker
Amplitude Marker
Bitmap Screen Capture
v LORETA Time Domain Capture [

Capture up to 1,024 time points to be exported to the Key Institute LORETA software by
clicking the Left Mouse button and dragging over the EEG record. Release the mouse button
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and the LORETA capture pop-up window will appear. Select Launce LORETA Viewer to
analyze the 3-D sources of the events. Select LE or AVE to evaluate linked ears or average
reference time domain data.

) Lexicor NRS-24 Demo - o]
File Edit View Collection Montage Analysis Report MeuroStat Options Help
. Scale V) —E
o s000 | o : S
Edit Time =z Click Launch LORETA Viewer to
00:00 F4LE Analyze the 3-D Source of the Event
MDI’ItEQE CHE
CircBP B C4LE o o
Default . I,/"
eyme P4LE kK valuate Linked Ears
LORETA Export
gzﬁggﬁgi—? O14E = . or Average Reference
Discovery_19 || O2E W\,\W\,\vﬂ viE \ Time Domain Data
Laplacian FTLE [ mm e e ™A AVE | fo—— —_—
LongBF e FELE Raw Scores Ff
g THE e o fhmimmm o LORETA Capture Pop-Up
Split Half v 7 Scores | Window will Appear when
THE Lo 2O g e Y the Left Mouse Button
TELE Erequency Band y is Released
TELE W Cl Selech Tt = = e
Test Retost e Clear Selection "‘r Y

C=lE Click the Left Mouse Button and Drag Over the
Fz-LE EEG Record to Capture up to 1,024 Time Point

Display Time 00:00 00:01 00:02
e
o 3

Depress the Left Mouse Button inside of the Time Domain Capture Window ( Light Blue area)
to view the Time Index which corresponds to the Time Index of the LORETA Viewer. This
allows one to match the Time Point-by-Time Point Analysis of the Raw Digital EEG and the
Time Domain 3-D Sources produced by LORETA.

© 2002 - 2015 Applied Neuroscience, Inc.



//j’ ' NeuroGuide Manual LORETA Time Domain Capture 188

o Lexicor NRS-24 Demo

File Edit View Collection Montage Analysis Report MeuroStat Options Help

Scale (u - -
- E-D..D;I} FP;—LE Mmoo Time Point; 42 e Depress the Left Mouse Button
o FRZAE | oo el nsile the Time Domain Capture
00:00 FHE Mmoot e~ Window (Blue Area) to View the
; FALE [t e T o= Time Point(s) that Correspond

Montage CILE to the Time Index of the

l:Di;fCEUPIt *| cawe Ww LORETAViewer B
Deymed PILE

Deymed19 P4LE /\,/JW /V\VWWW”W
Peymped2?

o

L

P
| |

Display Time 04000 00:01 00:02
.
o 3

Example of LORETA Time Domain Analyses. This is Time Point #42 as Indexed by the Left
Mouse Button and the Key Institute’s LORETA Viewer at Time Frame #42. Adjust the Display
Time to 3 Seconds in order to better view the fine temporal details of a Theta Burst. The time
point of an event of interest depends upon the start and ending point of the selection of the
EEG record by depressing the left mouse button and dragging the mouse to create the
selection. Therefore, the exact time point for an event will change if a different selection

window is created.
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@ & LORETA-KEY Viewer 04
Eile Edit View Co'stat Options Help File FindTalLab(Off) ScaleWin TalLabWin AllSlicesWin  FindMaxMinWin  3Dsurf  Help

Scale [uV)
Iy H rs
= 50.00 FP1-LP \,\[ Time Point: 42 4| ) :‘
Edit Time h
: FRade
00:00 File: C:\Program File HeuroGuide\Temp\DF4E. tmp [42]
Montage FalE
CircBP &
Default FaLe \"\,
Deymed e LORETA-REY
Deymed19 CHE (]
DeymedZ2
Discovery C4LE +5
Discovery_19 [Z])
FILE
J P4LE 0 s
Split Half
0146
r\.\ 5 0
024E
FTLE a0 5
| Tot"\:lew ' . |
e
5 a +hem (X
Fine e/ /N al
Details Y. /\’\_/\f\"\/\ Time Frame [1..78]: Play sequence:
ofan | T f TF1: 1 TF2: |78 Delay: [0 Play
atan |0 Ve ] | —— — T s ewy |
Adjust y /\\ Initial voxel:
'he \/'/\/“\ " Jump to max Cop‘;- to cl ipboalnd
Display |r.= ¢ Jump to min -
Time
ol |0 )| @ Jump to abs extreme
/-\\ " Fixed point
P48 — <" | ¢ Bottomilettiback
Display Time ol ¥ Track info under cursor
o 3 T S | <

Click the Right Mouse Button to make the LORETA Capture Pop-up Window reappear. Click
Clear Selections to clear the selected EEG points. Now you are ready to select different digital
time points by depressing the Left Mouse Button and dragging it over a different EEG Event or
Selection.
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g Lexicor NRS-24 Demo
Eile Edit View Collection Montage Analysis Report MeuroStat Options Help
e ) ey e Time: POiNt; 42 = romcirormmme =t i
- _ E'E;DD EFP2LE T _.-ﬂww-f\_/n\'\\/_m MM-—%M =
Deypimedi PalE ) \'\NVVJ s B et
Deymed22 ‘ O1LE N L - — WM
L, Launch LORETA Viewer = -
To make the LORETA Capture e —mid  LORETA Export o -
Pop-up Window Reappear s I
Click the Right Mouse Button e e T ;_WE T
W' = <
T5-LE Baw Scores
TELE om0 e~ ™) W T Scores B
F F Band 3
To Clear the Selected EEG Points || ., ~. | “F49e5en |,
Click Clear Selection Clear Selection [ -
I "
Display Time 00:00 00:01
- 3

Create and Label Montages (1 to 85 channels. Up to 128 channels for
customized electrode placements)

Click Montage > Select Montage in the Montage Menu to view the locations and channel labels
used in NeuroGuide.

Click a Montage in the Montage List to view the electrode order and references that are present
in the left column of the EEG View screen
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View the 10/10 sysiem of elecirode placemenit for 85 channels. The 10720
Electrode subset is in blue. Up 10 128 channels are possible but must be
Customized because of a lack of standardization {call us for details).

e Montage Selection
o CLIBICIGICICL AN
- BRIDD) o i
E;-EEg s . :) CEE ‘::) Ei) :::) E’ﬂ = R :_) U‘f)
. N 92999995,/
oK I Cancel | \,FH_‘\_)_/'\..:) t.j tj

EMG and EKG are assumed to be bipolar recordings and when selected will not show a
reference channel

Click Montage > Create New Montage in the Montage Menu to create your own montage.

Click on Electrode Locations and a Reference (e.g., Linked Ears, then Name the Montage then
click Save and then click close. Eighty five (85) scalp channels according to the 10-20 and 10-
10 standards for electrode placement are available as well as EKG, EOG, EMG and other
auxiliary channels. 128 channel montages are also available, but must be custom made
because of the lack of standardization of channel labels and locations when using 128
channels (contact us at geeg@appliedneuroscience.com).
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To Delete a Montage To cormect mistakes click
Select and then click Chamnel and then click
Nelete Bontage Remove Chamned

e

| 4 Montage Criation

£ i':} :f) f:f) =
YOLOEEeLY X

aJmT
\_

| Cck on a channel
amd then a reference

e e e
Yeeeeee
CHONOBORC gORORON.
99028 vg /
uk\ JJJJJJJ /a)

= i I
rEmdve Lanns

PMertage Name] \_)
vy 2 J J
Hame the Bontage
Then click Save and Close

If You Make a Mistake or Want to Remove an Electrode Selection, Double Click on the
Electrode and then Click Remove Channel. To Delete a Previously Created and Saved
Montage, Click on the Montage and then Click Delete Montage. Click Close to Return to the
EEG Display or Create and Save A New Montage.

Re-montage, Scale and Visually Scan the EEG and then further visually
scan the EEG for Artifact, Epoch Length and the General Status of the
EEG.

Default Screen Contains Linked Ears Reference Digital EEG, Colored EEG Tracings, 6/sec
vertical grid lines, and Polarity = Positive Up.
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g Lexicor NRS-24 Demo N = b
File Edit View Collection Montage Analysis BReport MeuroStat Options Help
" SCEIElllE{;;Ir} FP1-LE i 1 h AP ey m‘“’n‘-ﬂ'\ﬁ'l.ﬁ
u : FPZ—LEWWMWW D f It S “ur"\w
e i efault Screen
00:00 F4LE WWWWW MWWW
. Montage ka1
Defautt Q| 215
gevmeg i PILE Mnntage Window
S
Deymed22 P e YT VLA LA Y i i
Discoveny D1LE

E’EJ;'.;‘EE-‘E' 2E Wmm PRI BAIPPAT ESTIE [T NN WIS PR S R T DY VY
LinkEars eetapisdidiniamial. Double Click LinK Ears ==l otiog,
LongBP FE-LE
LDHQTEHEP ¥ ILE WWWW%W\MW

SPlt Half | e i g b b gl ik o | o oSS bt 4

TE-LE

TELE WWW¢W%WWM’M
FzLE
CzlE WMWWMMWWW\“W
Test Retest | otz WWWWWW%WMWW

AL
AL

ALXE e - . e

AlUX4

Display Time 00:00 00:01 00:02 00:03 00:04 00:05 00
e
E
w

Double Click different montages, Average Reference, Longitudinal
Bipolar, Transverse Bipolar, Circular Bipolar, Laplacian, etc.

The Network Injury Index (NII) is designed for sequential analyses post injury and also post
treatment. The NIl is based on a discriminant function of EEG network measures (coherence,
phase, amp. asym., LORETA) between 250 normal control subjects and 348 mild to severe TBI
patients. First step is to record EEG, select artifact free EEG and then save the data in the .ng
format in a folder. Repeat this process for the same subject after treatment or after recover.
Then click Analyses > Network Injury Index and navigate to the folder that contains the multiple
EEG recordings measured at different days following injury or following treatment or both.
Click Done and the NIl will begin analyzing EEG .ng file in the folder in a sequence determined
by the date of the recording. Check one recording at a time in a temporal sequence in the
panel to the left and view the changes in the NIl. Save or print the NIl by clicking the
corresponding button.

© 2002 - 2015 Applied Neuroscience, Inc.



Temporal Sequence

NeuroGuide Manual

Network Injury Index 194

of EEG Data

Pletasori Ljury [ndex

Click Analysis * Network Injury Index [NII)

NIl Discriminanmt from Normal to Mild to Moderate to Severe Head Injury

I EEG Teat Dates

o

e LSS T RS LRSS

SelectDeselect Networks

[T

TS0 -

L2000 -
DaE3rama -
12mn A -
oA2me -
e .
T2 .
05953 -

SN R W R -0
1

[ Bt | [Cancel

o . .*-___*-_

EEL Tests

BATAERN—T

o
HNORMAL MLy MODERATE

QEEG £ Scores

Amepd Arpoy

Lamguage
Abs Phase

L-Cok

Memary

Paim
-Cak x Crogs-Spec

10
SEYERE

Metwork £ Scores
Amuiety

Abtes-0

Abtwn-lY

Z Scores of EEG Variables Radar Map of Netiwork 7 Scores Predicted by the NIl

Used in the NIl

The lower part of the NIl display are line graphs showing the sequence of changes in the NIl on
the left and the sequence of changes in network Z scores on the right. Radar maps shrink
over time as as a function of successful treatment.
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Radar Maps of Surface EEG Radar Maps of Network £
Z Scores Shrink Post Injury Scores Shrink Post Injury
QEEG Z Scores Metwork Z Scores

Ampd Avym M:F-tr 1 Day Post Injury

3
Language / Abban-D

3 Days Post Injury

Abs Phate 5 Days Post Injury
AMeRary Atfern-V
T Days Post Injury
9 Days Post Injury
Pain
F-Cab Crod i-Spas
10 Days Post Injury
Metwork Injury Index History Metwork History
w 10 &
e
] I N
oy b
= =
= i e
S5 < 8
-y AN N
E N 1‘ ---------------------- 'T“--.\: -
T ™
21

g [ 7 8 "0 1 2 : 5 B 7 ]

EEG Test EEG Test
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Click Analysis » Network Injury Index [NII)

Nll Discriminant Index C hanges from Severe to Normal over 10 Day Period

Metwork Injury Index Metwork Injury Index Metwork Injury Index

R & PR & 4 3 &

3 7 3

] ¥ 1

L] 1
HNORMAL LD MODERATE SEYERE

1 Day After Injury 3 Days Post Injury & Days Post Injury

n 1 i il
HORHAL  HILD HODERATE  SEVERE HORMAL  MILD MODERATE  SEWERE

Metwork Injury Index Metwork Injury Indes Network Injury Index

P &
A

L] L1 — (1] 10
FAPAL HILD MODERATE SEVERE . SRAMRAL LD SODEAATE SLWERL HORMAL MILD SMODLERATE SEVERE

7 Days Post Injury 9 Days Post Injury 10 Days Post Injury

Neurofeedback - 1 to 19 Channel Surface EEG

Nineteen scalp electrodes distributed according to the 10/20 system measures the scalp
electrical field generated by cortical pyramidal neurons rhythmically modulated by thalamo-
cortical, cortico-thalamic and cortico-cortical connections.  Therefore, the design of the
NeuroGuide Neurofeedback module (NF1) is to compute Z Scores of the EEG 10/20 electrical
field of 19 channels referenced to linked ears (mathematically linked and/or physically linked).

In this way one can select and use the autospectral and cross-spectral measures such as
absolute power, phase shift duration, phase lock duration, coherence, phase differences and
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amplitude asymmetry. In addition, with 19 channels there are approximately 8,000 EEG
measures that can be computed. In order to reduce the number of variables to a logical and
practical first "guess" of the most optimal variables NeuroGuide uses a Hypothesis-Test
process. The process is based on the goal to facilitate the user's ability to link symptoms and
complaints to "Hubs" or "Functional Modules” by use of a symptom check list and QEEG Z
Scores. The symptom check list is used to create "hypotheses" as to the most likely scalp
locations related to functional systems in the brain based on modern neuropsychological,
neurological, electrophysiological and functional imaging neuroscience. The hypotheses are
then tested by running a quantitative EEG analysis to match and mismatch the hypothesized
scalp locations to the "observed" locations of deviant Z Scores. Scalp locations of deviant
EEG Z Scores are divided into two categories:

1) Match to Symptom Locations; and

2) Mismatch to Symptom Locations.
The match to symptom locations are considered to represent the "weak" systems related to
the symptoms and complaints while the mismatch locations are considered to represent
"compensatory" systems as part of the homeostatic balance of dynamically linked "Hubs" and
"Functional Modules". Based on this logic a drastically reduced number of EEG variables (e.g.,
20) are automatically selected as a Neurofeedback Protocol out of a universe of approximately

8,000 measures.

There are six steps that must be followed to use the symptom check
list and automatic Z Score protocol generator:

1. Import an edited *.ng EEG file by clicking File > Open

2. Click Report > Symptom Check List Match

3. Click Collection > Setup & Monitor > OK

4. Click Collection > Neurofeedback > Surface EEG

5. Click Symptom Check List in the Surface EEG Control Panel

6. Selectthe Symptom(s) that best represent the patient's symptoms and assign a severity
from 1to 10 for each symptom, then click OK.

There are three 10/20 scalp displays with the one labeled "Hypotheses" created by the
Symptom Check List. The size of the green circle expands as a function of a relative severity
index (average of the sum of channels x severity score and then scaled to the largest value).
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The top right 10/20 scalp display shows the symptom check list match to QEEG Z Scores from
steps 1 and 2 above. The size of the green circles is scaled according to the largest average Z
Score for a given scalp location and is considered as an estimate of the "weak" functional
systems. The lower right 10/20 scalp display shows the mismatches and is considered an
estimate of the "Compensatory" systems. The absolute Z Score control can be varied from 0
to 10 standard deviations. As Z Scores increase then the number of matches in the top right
head display is reduced and vice versa. Defaultis Z =|Z| (absolute 2).

First Import the Patient's Edited EEG samples and click Report > Create Symptom Check List
Match to generate temporary Z Score files to be used in the Hypothesis testing and
construction of a Neurofeedback Protocol

To activaie the Symptom Check List in the Neurofeedback Module, import the
Patient’s ediled EEG data, then Click Report > Create Symptom Check List Match
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Then Select the Acquisition Hardware and Setup and Monitor the Hardware in Preparation for
Neurofeedback. Click OK in the setup and monitor screen to begin EEG collection. Then Click
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Collection > Neurofeedback > Surface Neurofeedback

To activaie 19 Channel Neurofeedback, fist setup the Hardware and
Setup & Monitor. Then Click Collection > Surface Neurofeedback

| Collection

A A

Record
Pause

atop

Neurofeedback ’ Surface Neurofeedback... [}
LORETA Neurofeedback...

19 channel Z Score Neurofeedback includes Power, Power Ratios, Coherence, Phase and
Amplitude Asymmetry as Well as Linked Ears, Average Reference and Laplacian Montages.

Four different frequencies can be activated and 1 to 19 channels can be selected. The Z
threshold determines Z Scores that will be reinforced if they are equal to or less than the
threshold value. The strategy is to reinforce Z Scores that move the EEG toward Z=0. For
example, if a client has elevated Theta and reduced Beta then the goal is to suppress Theta (4 -
7 Hz) and simultaneously reinforce Beta (13-25 Hz). To achieve this goal select the two
frequency bands (Theta & Beta) and set the Z Score threshold at a value that is easy at first,
e.g.,Z=2.0. Setthe eventintegration interval = 250 msec and monitor how the client achieves
a continually larger number of Green circles on the head display. The appearance of Green
circles in the head display or the bell or chime means that the threshold of Z < 2.0 was reached
in 50% of the events that occurred in a 250 msec. interval. As the client becomes more skilled
at achieving the threshold, then lower the Z Score threshold to 1.5 standard deviations and
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again monitor the client's progress. The goal is to shape the client by making the initial
feedback easy and then as the client learns to control his/her EEG then make the criteria more
difficult to slowly shape the client toward a Z=0. This procedure will simultaneous lower Theta
and reinforce Beta as the EEG moves toward Z=0.

Increase the difficulty by changing the threshold and time window, e.g., 1- Lengthen the event
interval, and/or 2- Lower the Z Score threshold. To make neurofeedback easier, then shorten
the event interval and/or raise the Z Score threshold.

Select Frequency Bands & 110 19 Channels
Z Score Neurofeedback & Combinations of Chamnnels for Cross-Spectra
Panel
m or ..@girhcr -"wurn:‘ k
mm goitings | Progress |
Tabs o : ‘
# Absolute Power & Dota & el || [Fal D
Select Power or A Far B =lfe P |
:olml’lme € Power Ratio C s O 72l || =il |
mp. Asym ] 2 " Beta G Fe | (Fa o I
" Ampliuds Arymmatsy ¢ Hoh Beta ol [T D |
" Cohersnce e — 1 o
" Apschie Phase " Hpha 1 =1 c4
€ Algha 7 = P3
Select Montage Mertoge Rlernce Cat € -
Laplacian, Ave_ B2 O =
Ref & Linked Ears B 7 |
Tra |
|
Windaw Duspiary
Z Scorme Threshold 025 sac 21020 Head
Reward if Less Than BRI . y
Or grealerthan _ 4ZTes  HoN
Evemnt Imegration 5 [
Evterval {Varmblsty) | sosoiOaccia | [ s Ifw' |
Reward Defait i ' X\ T .
5 Soumd onolT & Visual
Symptom Check List Save, Load & Cancel Displays & DVD/Flash

The event integration interval is a time window that varies from 250 msec to 1 sec. There are
three reward options, the default is "Z Tunes" which is a Gaussian Adaptive filter that starts
with the all-or-none option and then calculates the 10 second history of the "outliers" or
"extreme scores" that do not meet the all-or-none threshold and if the slope of the history of
outliers is in the direction of Z = 0 then a feedback signal will be delivered. If the slope of the
history of outliers is divergent or not in the direction of Z = 0 then no feedback signal is
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delivered. Ztunes is designed not to reinforce outliers or extreme scores or brief periods of
"chaos". Averageis areward option that averages the Z Scores in the reward window of time
(e.g.,250 msec to 1 sec). The All-or-None method requires that 100% of the time events within
a window must reach the Z Score criteria. By lengthening the window time then one will
simultaneously reinforce reduced variability. Thus, the time window provides a variability
feedback method. Click sound on for the eyes closed condition and/or use both visual and
auditory feedback with eyes open.

Once one has selected the channels, frequencies, EEG features and montage then click OK to
activate the 10/20 Reward display or select the Progress chart as a display. If dual monitors
are used then enable the monitor in the control panel > Display Settings and depress the left
mouse button over the 10/20 reward display and move it to the 2nd monitor.

If the criteriais met for all time points in awindow (e.g., Z<2.0) then areward is the color green
in the 10/20 locations selected in the Z Score neurofeedback panel. The goal is to make the
10/20 head display show green as often as possible. Start with an easy reward criteria, e.g., Z
< 2.0 and then adjust the reward criteria to lower Z values (e.g., Z < 1.0) in order to shape the
client/patient EEG features toward Z = 0.

Visual and Sound Feedback Control

Click the Display control to select different visual displays. The 1stis a green dot in the center
of a head display panel than can be moved to a 2nd monitor. Other options include
Brainmaster Multimedia and Deymed 3D displays that users must purchase from Brainmaster
or Deymed before the display controls are visible inside of NeuroGuide. A free NeuroGuide
multimedia player for videos can be selected. The NeuroGuide multimedia player control panel
is shown below. The default video is a family trip to the zoo. If users want to use their own
video then select User Specified in the Source control. Then browse to the location of the
video and click apply to start the video. Select the feedback transition mode where brightness
or size change when threshold is achieved. Turn sound off, or on linked to the reward or on
continuously. Select the range of transition change where 100% is complete disappearance of
the display to 25% of size reduction or brightness dimming, etc.
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Multimedia Conirol Panel Activaied by Selecting Multimedia
In the Protocol or Settings Panel under Visual Displays

Contrul Feedback e Sound
Sire or Brighiness = [ :';ﬂn-h"r;&:‘.n Feward % Tum Sound ond or off
Transition Rate Transtion Range
Transition Rate: Slow 5 7 5o 100 y Tmm:::mzl;?:le':ﬁ
ToVery Fast : Chan
Detault Sowrceds Famly — 720
Atthe Foo or User Specilied
Chck Apply in actiate
Modka selection -
Sl S Sound Control: Of,
j Size : Oin -« Linked to Reward ) Linked to Reward or
' ' On Continuously
Transition Hate Transkion Range
& siow o100
Source
Change Surce o 700
User Speciled” —*
: Browse to User's
Browrse and load — I i * Owm Video Rie
Users own Video Fille

Symptom Check List Hypotheses and QEEG Z Score Tests

Identify the symptom(s) exhibited by the patient/client and double click the severity score to
activate the symptom. Enter a severity score from 1 to 10. This will create red circle on the
10/20 scalp display and the size of the circle increases as a function of the severity value. As
more symptoms are selected then NeuroGuide automatically weights the symptom locations
and scales the size of the green circles to represent "hypotheses" of "weak systems" or "loss
of function" systems (Luria, 1973).

The top right 10/20 scalp display will change depending on the symptom check list and the
match of the QEEG Z Scores to the hypothesized locations. The location of green circles in
the "Match" 10/20 display represents a match between hypothesized scalp locations and
observed QEEG Z Scores. Theradius of a green circle is produced by scaling with respect to
the maximum average Z Score greater than the threshold for a given scalp location. The larger
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the average Z Score then the larger the radius of the circle. After the user finds an optimal link
to hypothesized locations, then click OK to automatically generate a Neurofeedback Protocol.

The automatic protocol is produced by the cross-product of the symptom severity and the
average Z Score in a given location or S x Z where S = the severity index (1 to 10) from the
symptom check list for that location and Z = the sum of the absolute Z or |Z| scores equal to or
greater than the threshold as determined by the user (Default is |Z| =2). The user can veto or
modify the automatically produced protocol by clicking metrics, frequencies, auto-spectrum
and cross-spectrum selections in the Surface EEG panel.

Double click the Severity of a Symptom Check List Match to Symptoms &
Symptom and Grade Severity Hypotheses QEEG Z Scores

1to 10. \

@ Symptom Check List

pothesis

|

Symptom Check List

Symptom / Complairt Severty
Anosognosia - Denial of a Problem
Attention Deficits - Easity Distractible
Auditory Sequencing Problems

Balance Problems

Blumed Vision

Chronic Pain

Compulsive Behaviors and/or Thoughts
Concentration Problems
Decreased Tactile or Skin Sensitivity

Delusional

DIoo|Io|o ||| |Io|a |

Depression (Sad & Blus) Z Score
Difficulty Comprehending Social Cues 42,00

| [hyscalcula - Problems Calculating )
Dyslexia - Letter Reversal . & Surface

| ¢ LORETA

/

Set the Z score
threshold from Surface &/or Mismatch of Symptoms
the QEEG Analyses LORETA Projection g qQEEG Z Scores

The "both" does not mean that both NF1 & NF2 are operational. If you only select "surface"
then only the surface EEG metrics must be deviant before they will be selected for the surface
NFB protocol. If you only select LORETA then only the Brodmann areas that project to surface
EEG locations must be deviant before they will be selected for the surface NFB protocol. The
projection Brodmann areas can be seen by moving your mouse over the channel label in the

© 2002 - 2015 Applied Neuroscience, Inc.



NeuroGuide Manual Neurofeedback - Surface EEG 204

neuroguide edit screen and then right mouse click. The "both" option means the metrics
selected for NF1 surface EEG biofeedback require that both the surface and Brodmann areas
that project to those surface locations must be deviant before they will be selected for the
surface NFB protocol. The both option is more conservative than either one option alone.

Exampie of a Slow Reader Symptom Check List Hypotheses and the Test
Of the Hypothesis using QEEG Z Scores. Noke how the mismatch ilems
Move fo the match 10/20 head display as Symptoms are matched

[ ¢» Symptom Check List \ \

--------- Hypothesis

Symptom ./ Complaint Severty
Anosognosia - Denial of a Problem
Attention Deficits - Easly Distractible
Auditory Sequencing Problems ~
Balance Problems
Blumed Vision
Chronic. Pain
Compulsive Behaviors and/for Thoughts
Concentration Problems
Decreased Tactie or Skin Sensitivity
Deldusional
Depression (Sad & Blue)
Difficulty Comprehending Social Cues
Cyscaloula - Problems Calculating
Crysleada - Letter Reversal

Z Score
22,00

& Siaface
¢ LORETA

QK Cancel

L .

Click OK in the Symptom Check List Panel to Return to the Surface Neurofeedback Panel and
View the Automatic Selections based on the Symptom Check List as Hypotheses and QEEG Z
Scores as Tests of the Hypotheses. Click OK if satisfied or modify by selecting or deselecting
variables or click Clear to start over. Then click OK in the surface EEG Neurofeedback panel to
activate the Neurofeedback reinforcement display.
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Biofeedback Feedback Display Window — Can Be Moved to a 29 Monitor

Green = Threshold was Reached

T — —

Real-time feedback Total Score: 18
i Round Score: 18
Session Progress

Threshold is < 7 values set in
The Surface NF Window

Reinforcement requires that
Instantaneous Z Scores are
Less than the Threshold in a
250 msec to 3 sec. Window
Of Time
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Use the Progress Chart as a Feedback Display
and Move the Display to the Client's Mon#or

B Sorteee Mewheedtar
SIH'-H:H I FeoLL
L Fregsnoy Fuityy Specivel Trannaly - Aoscile Powe
5 Mrashpe Frrerer A ek r 1| (R o
—] Eercent
F A  Tha & il o o 1 wroent Raward
< = M l§] T 80
r s &
Pawer Rt & Feha s ] o2 o
Beln F B
1 Meepltoda Mayrmrmtty ] Fa D
- 1 bigh Beta 3| | o
i Cobarence L =l % 0o & 'II
I esssite Prase Cohghal O ] | | h ir
¢ Mpha 2 s B E ) ||I il ks ||||| h
P4 "’", |__ I fnl II II|'|
Uortage Mefernos CRal £ = ¥ LYY Pl ¥ )
A Heln " -
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e [l
-~ ] Fairagt I Scoius pi Sacond
7] i
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Upper 2 Blateics Selected irdics Tisgiy | |
o 1 = % Progrem Crae = Te
Wthod & Sourd B =
E & 2 Tures -] B
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Px
18] [er e
1

Select Progress Charls as Feedback to
A Client and then Click Apply

Toggle between the Surface Neurofeedback Panel and the Progress Charts by clicking the
Settings Tab or the Progress tab. If a setting is changed then in order for the new settings to
be activated click Apply and then click the Progress tab and view the instantaneous Z Scores
and % reward with the new settings. A red vertical line marks the point in time when the
settings change occurred.

Click Session Rounds tab in the protocol panel to activate the session rounds panel. The total
training duration = number of rounds x round duration. For example, 8 rounds each at 5 minute
duration = 40 minutes. Session duration = total training duration + inter-round delays. For
example, 8 rounds each with 30 second delays between rounds = 43 minutes and 30 seconds
for the session duration. Round restart method can be automatic or manual and all of the
round settings can be changed. When the Apply button is clicked in the settings panel then
the Begin Session button will become active. To start the training session click Begin Session
in either the session round panel or the protocol panel.
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Rowrds Number of Rourds x Round Duration = Training Dusation

Session Duration = Training Duration + imer-Rowund Delays

 surface Newrofe dback

Protocel | |Session Reunds| | Progress |
Sassion Setup

Total Traming Duration —— 7ol Tanng Duston: 4000
Total Session Duralion —— Totsl Session Dustion: £330
humber of Rounds
Humber of Rounds ———* ¢
Rounsd Durstion fmir)
Round Duration ———— 35

Inter-Flound Delay (sec)
inter Round Delay ——— =5

Restart Mathod
Restart Method ——— ;j.a,mra‘.c

Session Progress

Begn, End & -
Close Session * | | | | Cose 1

Make sure that the K-Lite codec is installed so that the Video and DVD sound track is active.
First, download the K-Lite Installer at:

http://www .appliedneuroscience.com/K-Lite Codec Pack 690 Full.exe

When EEG traces are streaming across the view panel, click Collection > Neurofeedback >
Direct Show Settings.
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To make sure that DVD and Video Sound works Correctly, Install the K-Lite Codec, then
Click Setup & Monitor and OK So that Traces are Streaming Across the Display, then
Click Collection > Neurofeedback > DirectShow Settings. Click on the arrow to view options

|§o|lection | Montage Analysis  Re
Manitaor
Recaord
Pause Default Video D ecoder
Stap ¥ Default Videa Decoder
Microzoft DTW-DVD Video Decoder
Impedance Measurement folshow Yiden D ecoder
Setup
Haridware Selection 3
BrainSurfer... i
BrainSurfer...
Event Related Potentials...

eurofeedback ¥ LORETA Neurofeedback... D clbeoder

Inter-Session Progress ¥ Surface Meurofeedback... ~| Default Audio Decoder

Test CDDLL DirectShaw Settings... I | a

g
¥ Subject Variance Database

DD Yideo Decoder

Io Subject Vanance Database -] Default Video Decoder

ok | | Cancel |

If either default Decoder does not work then
Select a different one. Audio & Visual are
Independent of each other. For example
ffdshow Video Decoder is a good one

Once the k-lite codec and Direct Show settings are active then in the Neurofeedback protocol
panel click the Display control to select different visual displays. The 1stis a green dot in the
center of a head display panel than can be moved to a 2nd monitor. Other options include
Brainmaster Multimedia and Deymed 3D displays and Cybernetic Interface Systems (CIS)
display that users must purchase from the vendors before the display controls are visible
inside of NeuroGuide. A free NeuroGuide multimedia player for videos can be selected. The
NeuroGuide multimedia player control panel is shown below. The default video is a family trip
to the zoo. If users want to use their own video then select User Specified in the Source
control. Then browse to the location of the video and click apply to start the video. Select the
feedback transition mode where brightness or size change when threshold is achieved. Turn
sound off, or on linked to the reward or on continuously. Select the range of transition change
where 100% is complete disappearance of the display to 25% of size reduction or brightness
dimming, etc.
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Multimedia Conirol Panel Activaied by Selecting Multimedia
In the Protocol or Settings Panel under Visual Displays

4 Multimeds _loy x|
Contrul Feedback e Sound
Sire or Brighiness = [ :-iﬂn-h"r;e-:‘.n Feward % Tum Sound ond or off
Transition Rate Transtion Range )
Transition Rate: Slow 5 7 5o 100 3 Tmm:::mzl;?:le':ﬁ
ToVery Fast : Chan
Detault Sowrceds Famly — 720
Atthe Foo or User Specilied
Chck Apply t activate
Media selection >
<8 Multimeds o]
Sl S Sound Control: Of,
= 4 0n - Linked o Reward Linked to Reward or
' On Contmuously
Transtion Rate Transkion Range
& Sow & 100
Source
Channe SuETe tn 700
User Speciled” —*
Browse to User's
Browse and load _ 1 | l * Owm Video Rie
Uisers own Video File '

Make sure that the K-Lite codec is installed so that the Video and DVD sound track is active.
First, download the K-Lite Installer at:

http://www .appliedneuroscience.com/K-Lite Codec Pack 690 Full.exe

When EEG traces are streaming across the view panel, click Collection > Neurofeedback >
Direct Show Settings.
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To make sure that DVD and Video Sound works Correctly, Install the K-Lite Codec, then
Click Setup & Monitor and OK So that Traces are Streaming Across the Display, then
Click Collection > Neurofeedback > DirectShow Settings. Click on the arrow to view options

| Collection | Montage Analysis  Re
Manitaor
Recaord
p Default Video D ecoder
Pause
Stap ¥ Default Videa Decoder

Microzoft DTW-DVD Video Decoder

Impedance Measurement folshow Yiden D ecoder
Setup
Haridware Selection 3
BrainSurfer...
BrainSurfer...
Event Related Potentials...
Neurofeedback ¥ LORETA Neurofeedback.. DD Auee DaEmitas
Inter-Session Progress ¥ Surface Meurofeedback... ~| Default Audio Decoder

Test CDDLL DirectShaw Settings... I | a

g
¥ Subject Variance Database

DD Yideo Decoder

Io Subject Vanance Database -] Default Video Decoder

ok | | Cancel |
A

If either default Decoder does not work then
Select a different one. Audio & Visual are
Independent of each other. For example
ffdshow Video Decoder is a good one

Once the k-lite codec and Direct Show settings are active then in the Neurofeedback protocol
panel click the Display control to select the NeuroGuide DVD Player. The NeuroGuide DVD
player control panel is shown below. Insert a DVD into the DVD/CD drive on the computer.
Select the feedback transition mode where brightness or size change when threshold is
achieved. Turn sound on continuously, linked to reward or off. Select the transition rate at
which the DVD appears or disappears based on the reward. Control the transition range of
change from only a small size change to a large size change based on areward.
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DVD Control Panel Activaied by Selecting DVD Player
in the Protocol or Settings Panel under Visual Displays

Reward Effect Sound Sound Control: O
| { i ard o
Control Fecdback 3sie %/0n - Linked to Reward on Contmuty T
Transition Rate Transition Range
) | | - Transition Range of
m “’Fﬁﬁ Slow gmﬂ“ " Change: 25%tp 100%
Apply Close
Chck Apply
To Start the Chck Close
VD Player To End IND

Intra-Session Progress

View the progress of Neurofeedback by clicking OK in the Surface EEG Neurofeedback Panel
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View the Instantaneous I Scores

A

| Protocol | S eszion Founds Progress
Scone: 17 Percent Rewarnd Z Boores
100 AP ¥ F3 D NAE a
AP F4 }] 0.24 = |
) & AP P4 o 0.37
Percentage of Times AP P4 T 0.93
AP Pz 1] 1.05
TI_1at reward fe_edhadt_—ﬂl—- 0 F1 C4 T 0o
Signal was delivered - C0 F3 P3 D 114
co F3 P4 T -8
. B RN b
£ Tunes 10 sec 0 c0  F3 T4 D 044
History s CO F3 T5 (V] 1.44
(g LR ] 0020 0030 D040 D50 o:00 | CO F4 C4A T =060
co F4 C4 Bl -0.63
Average Z Scores per Second co F4 C4 B3 046
3 T | r [ T Co F4 P4 T 012
[ r. i ! t r]J III. A | lf | ) co C3 P4 L) -1.03
U O A ) 0 c4e: T o
View the verage 1 ; ; 00 ©4 P: T 190
f scorelsecond —1—, co P3 P4 T 2.69
i co P3IFE D 107
EI:lange Displayto co P4 Fx T 043
MinMax to View the A o, * | Co P4 Cz D -D64
LAY Y el e co P4 Cz T .57
Instantaneous Iyl A : : 4 co [T T 2%
Exireme scores v ¥ C0O P4 Pz A -0.90
-3 : co P4 Pz Al 047
(gl LR ] 0020 0030 L] [ 01 0o Eg F; E: g} g-g
2 Mir] Z Mae Display Time  Display Type CO F8 P: D 081
Setthe s &Y - HE =] =K = PH FPIF3 D 073 _|
L - - - o] —
Scale Range \ /’ FH  FP1 F4 1] 0.67
Begn Sesicr Nﬂdsfam ] L Claze

Set the displaytime and average vs min/max 7 scores

Change the display setting to Min/Max to view the extreme instantaneous Z Scores and not the
average Z Score per second. The average Z Score/second may be small because 32 Z Scores
were averaged over a one second period and some Z Scores may be small.
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3 i e o

| Protocol | Sersion Rounds Progiess

Score; 57 Percent Reward Z Scores
1 AP F3 D .07 &
00 AP Fid 1] 1.40 |
- AP P4 D .74
AP P4 T 1.92
&0 AP Pz 1] -1.43
o F3 [C4 T 242
an [mi] F3 P3 D 1.0
[mi] F3 P4 T -1.59
20 co F3 D D -1.28
co F3 Fir D 1.53
a [mi] F3 T4 D 1.56
co F: T5 D 1.48
000 o0 o2 ;30 01:40 ;50 ozog | CO F4 C4 T 377
oo F4 C4 B1 302
Most Significant £ Score per Second co F4 C4 B3 227
1 [m1] F4 P4 T 214
Set the Z min & & Pt 1 30
[mi] Cd C= T 4,20
8 7 Maxto o cd Pz T 251
10 & +10 to 0 P3F D 148
. co P4 Fz T 1.64
View the C0O P4 Cz D 242
co F4 [z T 1.63
Extreme O P4 Pz T 511
[mi] P4 Pz A 21
Instantaneous 0O P4 Pz Al 233
co P4 Pz B1 362
Z Scores _ €0 FB €z D 164
Display Tyspe oo F& Pz D 1.62
i Cad (ad . o PH FP1 F2 1] 277 |
M0 10 =y -H-’::H&* PH  FP1 F4 0] 2
Erd Session l Close

Set Display Type to MinIMax to view the
Extreme Instantaneous Z Scores

Inter-Session Progress Charts

After each Neurofeedback session close the session and then save the session in the client's
folder. The session files end in the extension *.nfb and will be automatically selected and used
to generate an Inter-Session Progress chart based on the chronological order of the sessions.

It is important that subject's sessions not be mixed with different clients and to save each
session in the same subject's folder.

Click Collection > Inter-Session Progress > Surface Neurofeedback and then navigate to the
Patient/Subject Folder where the sessions were saved and click Done
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Collection | [Montage Analysis Beport MeuroStat Options Help

tanitar
Becord
Pause

Stap

Setup

Hardware Selection k

BrainSurfer...

Meurafeedback r

Inter-Session Progress P BrainSurfer...

I-LE Surface Meurofeedback...
7-LE LORETA Meurofesdback...

Click Collection > Inter-Session Progress > Surface Neurofeedback

Top chart is Percent Reward by Session and Bottom Chart is Average Z ScoreslSession

1’,\5 Surface Neurofeedback Inter-5Session Progress B I&I_ﬁ
Percent Reward by Session
100
| 80
60
|
40

Move mouse over |
Session to view the
EEG metric & Location

2 3 4 5 B
Ayerage £ Scores by Session

~h O Absohde Power

O Relative Power
& Power Ratio
O Amplitade Asyrmemetry

—_— : e ) Coherence
; o Phase

Adjust the Y . Phase Shift
and X axis | Rl
scales | ZMin -
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Neurofeedback LORETA Z Score Neurofeedback

LORETA Z Score Biofeedback uses similar controls as for the surface Neurofeedback. To
activate LORETA Z Score Biofeedback first conduct a gEEG analysis on the patient and after
editing click Report > Create Symptom Check List Match in order to link the patient's

symptoms and complaints to functional systems in the brain.
software and begin recording the EEG as described above.

Activate the EEG collection
Then click Collection >

Neurofeedback > LORETA Neurofeedback to activate the LORETA Neurofeedback Protocol

panel.

Click Tabs to Access other Panels

Select Metrics

Select Frequency ____

Select £ Score
Threshold, Wind ow
Of Time & Display

4 LORETAeurcfeadbac
Protocol

Meinc

@ Powe

Cohetence
— e

Phase Shill
Phase Lock

Fraquency

Z Thieshold  Metncs Selacted

— 100 1]

Morstor

Click Symptom \ Spmpdoen Check List

Check List to
Access the SCL

File

Sessa0n Rounds: | Frogias

Riesgion of Infenest

Arpgdala Left s
Ampgdala Right
Angular Gy Left =
Angular Gymes Fight
Anbenor Cnguate Left
Anbetior Cngulate: Figha
Cngrdste Gyne Left
Corgrdate Gynus Fight
Cureus Left
Lureus Fight
Extra-Huchear Left
Estratluclear Righa
Fusitorm Gyeus Left
Fusiorm Gysus Right
Hippocampus Left
Hippocampus Flight
Inhestion Frontal Gyus Lesft
Indenior Frontal Gysus Right =
Window Diesplase
: 0.25 sac : CzHead
Methed Sound
2 Tunes | SOH
e Load
Beset

Save L | oad
Protocol Selections

Click Reset
To Clear All Selections

Select Regions of Interest

O W O OO ~J ~J OF OF U U e de Lo L B B =i | =i

el B B CURE PR = | = ]

Left

Lt
Flight
Lt
Flight
Left
Right

Left

Select & View Brodmann
fireas & Frequencies

'‘Live' LORETA Coherence and Phase Difference Z Scores are selected by clicking Coherence
or Phase and then select pairs of Brodmann Areas out of the universe of 88 Brodmann Areas.

Once a Brodmann Area pair is selected then select the frequency bands.

Of course one can

use the Symptom Check list which will automatically select Brodmann Areas and frequencies
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linked to the patient's symptoms.

If the qEEG Z Scores were generated by Report > Create Symptom Check List Match, then click
Symptom Check list to open the Symptom Check List panel. If no prior qEEG was conducted
or no Z Scores transferred then select the Brodmann Area(s) and frequencies and feedback
settings and thresholds and click Apply and skip the symptom check. Here is a view of the
symptom check list to help link a patient's symptoms and complaints to functional systems of
the brain.

for Symptom Match
p':nmCIs-Sn:_lm“"_— — —— 53.___|'
Symptom Check: List o
i ) i =200
Sympiom / Copplant Sewerty =
| Ancsognosia - Denial of a Protiem 10 :I
| Aterton Dedices - Easly Distractble =]
| Aty Sguencng Probiems [1
| Balance Problema 0
| Bimed Visson L]
{Chrenic Pain a
|Complarve Babansomn andor Thoughts [
|Corcerigon Problams 0
| Decreased Tactie or Skin Senstivty 0
| Dessnal ] 1|
Hypothess Match Hlamal
Bomen | Hem [ | Bromen | Hem [ | ewdmem
Faght T Right o
Fight 18 Right |2
Feght 18 Fight £
Faght X Right L]
Symptom Check Right it Rght s
List Hypotheses 5
|5
4 |8 '
{6
A 11
'
e ST — 'nl
MEsmsatch of Symptom
Match of LORETA Check List & Possible

After testing the symptom check list hypotheses to LORETA Z Scores then click OK to return to
the setup panel and select the threshold and type of feedback displays. Click Apply to begin
the Neurofeedback session. The visual and auditory displays are the same for the surface
EEG Z Scores and the LORETA Z Scores.
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Symptom Check List Hypotheses and QEEG Z Score Tests

Identify the symptom(s) exhibited by the patient/client and double click the severity score to
activate the symptom. Enter a severity score from 1 to 10. This will create red circle on the
10/20 scalp display and the size of the circle increases as a function of the severity value. As
more symptoms are selected then NeuroGuide automatically weights the symptom locations
and scales the size of the green circles to represent "hypotheses" of "weak systems" or "loss
of function" systems (Luria, 1973).

The top right 10/20 scalp display will change depending on the symptom check list and the
match of the QEEG Z Scores to the hypothesized locations. The location of green circles in
the "Match" 10/20 display represents a match between hypothesized scalp locations and
observed QEEG Z Scores. Theradius of a green circle is produced by scaling with respect to
the maximum average Z Score greater than the threshold for a given scalp location. The larger
the average Z Score then the larger the radius of the circle. After the user finds an optimal link
to hypothesized locations, then click OK to automatically generate a Neurofeedback Protocol.

The automatic protocol is produced by the cross-product of the symptom severity and the
average Z Score in a given location or S x Z where S = the severity index (1 to 10) from the
symptom check list for that location and Z = the sum of the absolute Z or |Z| scores equal to or
greater than the threshold as determined by the user (Default is |Z| =2). The user can veto or
modify the automatically produced protocol by clicking metrics, frequencies, auto-spectrum
and cross-spectrum selections in the Surface EEG panel.
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Double click the Severity of a Symptom Check List Match to Symptoms &
Symptom and Grade Severity Hypotheses QEEG Z Scores

1to 10. \

@ Symptom Check List \

Symptom Check List

Symptom / Complairt
.P«nosogmma - Denial of 2 Problem
Attertion Deficits - Easily Distractible
Auditory Sequencing Problems
Balance Problems
Blured Vision
Chronic Pain
Compulsive Behaviors and/or Thoughts
Concentration Problems
Decreased Tactile or Skin Sensitivity
Delusional
Depression (Sad & Blue)

Difficulty Comprehending Social Cues
Chyscalcula - Problems Calculating
Dyyslexda - Letter Reversal

Z Score
gz.w

(1]
UDGGUUUUGGGUUU§

& Surface
 LORETA

/
72

Set the Z score /
threshold from Surface &lor Mismatch of Symptoms
the QEEG Analyses LORETA Projection g qEeG z Scores
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Example of a Slow Reader Symptom Check List Hypotheses and the Test
Of the Hypothesis using GQEEG Z Scores. Noke how the mismatch ilems
Move to the match 10/20 head display as Symptoms are matched

[ ¢> Symptom Check List . \t‘ \ =5

Hypothesis

Symptom ./ Complaint
Anosognosia - Denial of a Problem
|Atterttion Deficits - Easly Distractible
Audtory Sequencing Problems L
Balance Problems
|Blumed Vision
|Chironic Pain
Compulsive Behaviors and/or Thoughts
Concentration Problems
\Decreased Tactie or Skin Sensitivity
Delusional
Depression (Sad & Blue)

Difficulty Comprehending Social Cues
Dyscalcula - Problems Calculating
:Dyﬁea:ia - Letter Reversal

:

Z Score
3 200

% Sisface
¢ LORETA

oK Cancel

L A

Click OK in the Symptom Check List Panel to Return to the Surface Neurofeedback Panel and
View the Automatic Selections based on the Symptom Check List as Hypotheses and QEEG Z
Scores as Tests of the Hypotheses. Click OK if satisfied or modify by selecting or deselecting
variables or click Clear to start over. Then click OK in the surface EEG Neurofeedback panel to
activate the Neurofeedback reinforcement display.
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Biofeedback Feedback Display Window — Can Be Moved to a 29 Monitor

Green = Threshold was Reached

T — —

Real-time feedback Total Score: 18
i Round Score: 18
Session Progress

Threshold is < 7 values set in
The Surface NF Window

Reinforcement requires that
Instantaneous Z Scores are
Less than the Threshold in a
250 msec to 3 sec. Window
Of Time
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Use the Progress Chart as a Feedback Display
and Move the Display to the Client's Mon#or

Neurofeedback Setup Paned

l
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Mt Fregusray At Bpecirg ranral - Apacite Power
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1 Fsaties Proeeer " Theta a el e o |1 Parcent Reward
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Select Progress Charls as Feedback to
A Client and then Click Apply

View the progress of Neurofeedback by clicking OK in the Surface EEG Neurofeedback Panel
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Progress Charts to be Monitored by the Chnician During Neurofeedback

Toggle back & forth between to Settings Red Mark Designates View Instantaneows 7 Scores
YWindow & Pl'm Charts Se‘lllgs_ lm
g :.-*'fﬂ{fm..ln‘-ttdhj{l = &2
Progress |
Parcent Rewar I Scofes ¥
100 ; AP FP1 D 079 «]
Percentage of /\ AP FP1 T 081
AP FP1 A 087
Time that a &8 'vj \«\, . Nk 3
AP FP1 HE -0.57
Reward was — J AP FPI Al 039 '
Dainrera 40 AP FP1 A2 -164 |
AP FP1 Bl 094 .
{per sec) 20 AP FPI B2 051
AP FP1 Bl 038 ,
0 AP FP2 D 101
AP FP2 T D68 |
p4:00 0410 04:20 04:30 04:40 0450 0500 | AP FP2 A 073 [
AP FP2 B 047
Average £ Scores per Second AP FP2 HB .88 |
4 AP FP2 Al -1.08
A z AP FP2 A2 D42 [
Verane AP FP2 Bl -0.90 |
AP FP2 B2 037
Scomnes AP FP2 BI 075 |
w AP C3 D 059
= AP C3 T 012 [
Each AP C3 A DB |
AP C3 B 046
Secomnd AP C3 HEB -0.06
AP C3 Al D96 ,
5 AP C3 A2 DA3
04:00 04:10 04:20 0430 0440 04:50 05:00 ﬁ Eg g; E-g [
Z Score Range & . i 81 060 .
Dispiay Time il = i A AP Ca D 058 i
> o3 i E AP C4A T 040 _ |
Base = = 2y AP C4 A 113~
1 min 10 30 min I
 om— —  m— p—— com— J— = — )

Toggle between the Surface Neurofeedback Panel and the Progress Charts by clicking the
Settings Tab or the Progress tab. If a setting is changed then in order for the new settings to
be activated click Apply and then click the Progress tab and view the instantaneous Z Scores
and % reward with the new settings. A red vertical line marks the point in time when the
settings change occurred.

Session Rounds Panel

Click Session Rounds tab in the protocol panel to activate the session rounds panel. The total
training duration = number of rounds x round duration. For example, 8 rounds each at 5 minute
duration = 40 minutes. Session duration = total training duration + inter-round delays. For
example, 8 rounds each with 30 second delays between rounds =43 minutes and 30 seconds
for the session duration. Round restart method can be automatic or manual and all of the
round settings can be changed. When the Apply button is clicked in the settings panel then
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the Begin Session button will become active. To start the training session click Begin Session
in either the session round panel or the protocol panel.

Rowds Nursber of Rounds X Round Duration = Training Duration
Session Duration = Training Duration + imter-Round Delays

% Surace Neurofe dback - =] x|

Prodacol _Sesm‘l Hbl.nds_ | Progress |

Session Setup

Total Training Duraton —— 7o Tonng Duston: 4000
Tolal Session Duwation ——— Total Session Durstion 4330
humber of Founds
KNumber of Rounds ——* 3¢
Raund Durstion )
Round Duration ——— 35

Irter-Aound Delay (sec)
inter-Round Delay — =5

-

Restart Method
Restart lethod —— :j.éu,:n-a'.»c

Session Progress

Round Counlpy —— Cument Round Bumber: 1

Begin, End & .
Close Session g | | | | Cose

Click the Display control to select different visual displays. The 1stis a green dot in the center
of a head display panel than can be moved to a 2nd monitor. Other options include
Brainmaster Multimedia and Deymed 3D displays that users must purchase from Brainmaster
or Deymed before the display controls are visible inside of neuroguide. A free NeuroGuide
multimedia player for videos can be selected. The neuroguide multimedia player control panel
is shown below. The default video is a family trip to the zoo. If users want to use their own
video then select User Specified in the Source control. Then browse to the location of the
video and click apply to start the video. Select the feedback transition mode where brightness
or size change when threshold is achieved. Turn sound off, or on linked to the reward or on
continuously. Select the range of transition change where 100% is complete disappearance of
the display to 25% of size reduction or brightness dimming, etc.
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Multimedia Conirol Panel Activaied by Selecting Multimedia
In the Protocol or Settings Panel under Visual Displays

Contrul Feedback e Sound
Sire or Brighiness = [ :';ﬂn-h"r;&:‘.n Feward % Tum Sound ond or off
Transition Rate Transtion Range
Transition Rate: Slow 5 7 5o 100 y Tmm:::mzl;?:le':ﬁ
ToVery Fast : Chan
Detault Sowrceds Famly — 720
Atthe Foo or User Specilied
Chck Apply in actiate
Modka selection -
Sl S Sound Control: Of,
j Size : Oin -« Linked to Reward ) Linked to Reward or
' ' On Continuously
Transition Hate Transkion Range
& siow o100
Source
Change Surce o 700
User Speciled” —*
: Browse to User's
Browrse and load — I i * Owm Video Rie
Users own Video Fille

DVD Player Controls and Activation

Click the Display control to select the NeuroGuide DVD Player. The NeuroGuide DVD player
control panel is shown below. Inserta DVD into the

DVD/CD drive on the computer. Select the feedback transition mode where brightness or size
change when threshold is achieved. Turn sound on continuously, linked to reward or off.
Select the transition rate at which the DVD appears or disappears based on the reward. Control
the transition range of change from only a small size change to a large size change based on a
reward.
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DVD Control Panel Activaied by Selecting DVD Player
in the Protocol or Settings Panel under Visual Displays

ye =101 x|
Reward Effect Sound Sound Control: OfF
| { i ard o
Control Fecdback 3sie %/0n - Linked to Reward on Contmuty T
Transition Rate Transttion Range
) , i - Transition Range of
m “’Fﬁﬁ Slow gmﬂ“ " Change: 25%tp 100%
Apply Close
Chck Apply
To Start the Lick Close
OVO Player To End IVD

Intra-Session Progress

During the Neurofeedback session, click the Progress Tab and
view the Intra-Session Progress

© 2002 - 2015 Applied Neuroscience, Inc.



NeuroGuide Manual

Neurofeedback LORETA Z Score Neurofeedback

226

Click the Intra-Session Progress Tab

View Brodmann Areas, Metrics
8 Z Scores in Real-Time
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Inter-Session Progress Charts

After each Neurofeedback session close the session and then save the session in the client's
folder. The session files end in the extension *.nfb and will be automatically selected and used
to generate an Inter-Session Progress chart based on the chronological order of the sessions.

It is important that subject's sessions not be mixed with different clients and to save each
session in the same subject's folder.
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To Create an Inter-Session Progress Chart...

| !

i;ﬁ MNeuroGuide Message 28

Are you sure you want to quit neurofeedback?

Close the "E N

NFB Session

L -

r MeuroGuide Message &J
- g

Save LORETA neurofeedback session data?

Then Save the
Session in the ¥ Yes | | No
Subject’s Folder

NeuroGuide orders the Sessions based on Date & Time

To View the Inter-Session Progress Charts...

Click Collection > Inter-Session Progress > LORETA Neurofeedback

| Collection | Montage Analysis R
Monitor
Record
Pause
Stop
Setup..
Hard .:I:_-":l—_'_'.l.- 3
Meurofeedback b
Inter-Session Progress *  Surface Neurofeedback...
Start Playback LORETA Neurofeedback...
Test CD DLL
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¢b LORETA Neurofeedback Inter-Session Progress =~
Plot Selections | Plotted Data |

D | T | A |8 [He | a1 | A2 |81 | B2 | B3 |Ave |l
Brodmann Area 7 | Right | i Yes | Yes | Yes fes Yes Tes
Brodmann Area 18 |Right | Yes Y Yes | [ | | Yes
Brodmann Area 19 | Right | Yes | “es | Yes [ Yes | Yes
Brodmann Area 33 | Right | Yes | Yae | Yes Yes [ Yes
| Brodmann Area 40 |Right | Yes | Yes™ Yes | Yes | Yes | yes Yes
fhm Yes | Yes es | Yes { Yes A” Yes | Yes

Select or Deselect the Frequencies and
Brodmann Areas 1o be Included in the
Inter-Session Progress Charts
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After Piot Selections then CEck Plotted Data to View the Inter-Session Progress Charts

7

& LORETA }cﬂui&dmck Inter-Session Progress leudi= ) )

Percenl Reward by Session

100

a0

&0

40

20

i 2 3 4
Average £ Scores by Session

NeuroLink is a stand-alone program designed to aid the clinician in the evaluation of client/
patient severity of symptoms by the use of a self-assessment symptom check list. The patient/
client ranks the severity of 10 different symptom categories after which a bar chart and radar
map showing the relative symptom severity appears. The self-assessment scores are then
saved and can be imported into the NeuroGuide Symptom Check List panel for purposes of
Neurofeedback for surface (NF1), LORETA (NF2) and BrainSurfer (BCI) treatment of
symptoms. The NeuroGuide user can select a given symptom category and then the
corresponding Brodmann areas of scalp electrode locations linked to the symptom are
selected and the Neurofeedback protocol is immediately available to begin Neurofeedback
targeting the locations linked to the symptoms. To learn more about NeuroLink go to:
www.anineuolink.com
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The figure below shows the integrated over view of symptom self-assessment with NeuroLink

and NeuroGuide

NeuroLink and NeuroGuide Integration — Linking Symptoms to the Brain

Symptom Severity

;.......-.
e

e, N

l-m-n-t--l
T Sp—
——
e | -
r-..,.
e [
v [
__ L

EEE

Session History

NeuroGuide Symptom Check List

v e -

Neurofeedback

Open the Symptom Check List panel and then click the NeuroLink tab
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r n - -
g S tom Check List
gﬁi ymptom ck Li u
| Syriptams I ICH I Hetwarks I Heuropspchalogical I Dol Med | MevroLink £ Score
Session j200
— o
S @ Power
Symptom / Complaint Severity “|l @ Coherence
Addichion “ @ Phase
Ariety ] — .
i Attention Deficits I I:::' oSl
Compulzive Behaviors 1] = () Phasze Lack
Depression 0
Executive Dysfunction 0
b ernary 1]
Fain a0
Senzom Problems 0 -
Hypothesis Match tizmatch
Bradrarin Hem * Braodrnanin Hem * Brodrnanin Herm .‘_:
1 Right =
| 2 Right
| 3 Right
4 Left
4 Right
5 Left
5 Right
g Left
5 Right
- - 7 Left -
|

Navigate to the subject's folder where you saved the client/patient *.nla data file produced by
filling out the symptom check list questionnaire using NeuroLink and select the session that
you want to create a Neurofeedback protocol for.
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'@ﬁi Read Meurolink Assessment File Iﬁ
E:LTS:EW | C:\Jsers\Bob'DesktoptNEUR O GUIDE\MEURDLINK ~|

Loak in: | | NEUROLINK ~| e EBEerE
= Mame : Date modified Type
e
o . FIGURES-MLA 4/21/2015 2:235 P File folder
Recent Places i :
JInst_nla_L.0.0 472872015 L2200 P File folder
i  NeuroLink H21/2015 1207 PM  File falder
Diesktop ) Meuralink_Install 2/6/2015 8:16 AM File falder
— | Meurolink-Bizzy-dm-Business 4/20/2015 9:43 AM File folder
=] . Meurolink-Help_Manual 4/28/2015 12:15 PM File folder
Libraries . MeuroLink-old 1/25/2015 10:52 AWM File folder
-_L J ald-MeuralLink 472172015 9:59 AM File falder
g . TEST PATIEMT 472172015 2:26 P File folder
EeRiss | WEBSITE MEUROLINK 4/20/2015 3:43PM  File folder
@ . WES CEMTER QUESTIOMAIRS L/3L/2015 10:49 AM  File falder
[¥] | ]sas.nla 4/16/2015 4:22 PR MLAFile
Metwark =
4 1 b
File narne: |sas.nla ﬂ
Filz of type: |Neuru:uLink Azzezzment [“.nla) j Cancel

Below is an example of selecting Addiction as the symptom for which the addiction network is
selected as a protocol for Neurofeedback. Click OK to be taken to the Neurofeedback protocol
panel and immediately begin Neurofeedback to reinforce increased stability and efficiency in
the addiction network.
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¢ Symptom Check List - - (|
_— _
| Symptaris I ICH I Mehwarks I Meuropsychalogical | DoDAdA | Meurolink Z Score
220
@ Power
Symptom / Complaint Severity - @ Coherence
32 @ Phase
Anwiety 90 i :
|| || Attention Deficits a5 Ptz il
Compulzsive Behaviors 92 =[| ) Phase Lock
Depreszion a8
Enecutive Dysfunction 91
[GE a5
Pain 94 bl
Senzory Problems a4 -
Hypothesziz katch Mizmatch
Brodrmarin Hem = Brodmarin Hem * Brodmarin Hem =
1 Left 1 Right 4 Lt =
1 Right 2 Right 4 Right
| 2 Left L 3 Right 5 Left
2 Right I E Left b Right
3 Left B Right T Left
3 Right 9 Right 7 Right
E Left W 10 Left g Right
B Right 10 Right 1 Lett
9 Left 23 Left 11 Right
9 Right - 23 Right - 13 Left -

Phase Reset - Surface EEG

Click Report > Report Selections > Connectivity Suite > Phase Reset options. Phase reset is
computed from the time series of instantaneous phase differences using Complex
Demodulation and then straightening the phase differences and computing the absolute value
of the first derivative of the straightened phase difference time series. When the first
derivative exhibits a peak, then this is "Phase Reset". When the first derivative approximates
zero, e.g., < 5 deg/cs, then this is "Phase Locking". That is, when there is little change in
phase difference over time, then phase locking or phase synchrony is present. Below is an
illustration of the definition of phase reset and phase locking. NeuroGuide uses peak detection
algorithms to identify peaks in the 1st derivative of phase differences, the full width half
maximum, the amplitude of the peak, the duration of the peak and the interval of time between
the offset of one phase reset event and the onset of the next phase reset event. Only edited
selections of EEG are used in the phase reset analyses and there must be continuity between
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phase reset events in order for the phase locking interval to be computed. Further technical
details of phase reset are explained at http://www.appliedneuroscience.com/Articles.htm and
then download Article "How to compute EEG coherence with a hand calculator”. Also, see
Thatcher et al, (2007) "Self-organized criticality and the development of EEG phase reset.
Human Brain Mapping (In Press).

EEG Phase Reset as a Phase Transition in the Tmme Domain

o Phase difference at
s
7 Neqgalive 1<
§+ Desivalive
-
i
R E“ N T T
1 2 3 4\5 6 7 8
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£
3 Time ———»
Phase dillerence af Posine 15t
Gle L G=13° T T prase dlerence at Deswalive
g
[ ]
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8
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1 2 3 4 5 6 7 8
i
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Leftis the unit circle in which there is a clustering of phase angles and thus high coherence as
measured by the length of the unit vector r. The vector rl =45 degrees occurs first in time and
the vector r2 =10 degrees and 135 degrees occurs later in time. The transition is between time
point 4 and 5 where the 1st derivative is a maximum. The right displays are a time series of the
approximated 1st derivative of the instantaneous phase differences for the time series t1, t2, t3,
t4 at mean phase angle =45 degrees and t5,t6,t7, t8 at mean phase angle =10 degrees. Phase
reset is defined as a significant negative or positive 1st derivative (y <0 ory > 0). The 1st
derivative near zero (e.g., <5 degrees/cs) is when there is phase locking or phase stability and
little change over time. The sign or direction of phase reset is arbitrary since two oscillating
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events are being brought into phase synchrony and represent a stable state as measured by
EEG coherence independent of direction. The clustering of stable phase relationships over
long periods of time is more common than are the phase transitions. The phase transitions are
time markers of the thalamo-cortical-limbic-reticular circuits of the brain (John, 2005; Thatcher
and John, 1977; Thatcher et al, 2007).

Click on View and change the Polarity or change the Grid Color or eliminate the Grid lines by
changing the Intensity. The Default Screen Does Not Allow Access to Normative Databases.
To Access the Normative Databases Double Click a Montage in the Montage Panel to the Left
of the screen. Double Click Linked Ears in the Montage Window to reformat to Linked Ears...
this will remove the Auxiliary and other Default Channels.

View | Collection Montage Analysis Report MeuroStat Options Help

| Polarity 4 |v‘ Positive Up _J,

EEG Tracings ¥ Positive Down s g
Grid y =
Edit Selections Intensity 3
: ) DNVLTRRSZ I L VI ! FI[DIES MMn.\r
e Change Polarity > Positive Up or Down
Display Event Tabl
e POV VL YA L SV TV P DT I L O

Scale the EEG tracings in uV/cm, change the Display Time Scale, Resize the Screen or Display
Window and Move the Slider to View more of the EEG.
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g Lexicor NRS-24 Demo = =
File Edit View Collection Montage Analysis Report MeuroStat Options Help

Scale juV)
4 5000 Scale the EEG (uV/cm)
Edit Time Fra
00:00 F3LE
Montage F4-LE

A AT A A AN DA TP AR AR A ARG ANARARA T AN

Split Half
FE&LE
THE
THE et g
eiE Move the
Test Ret . Slider
Change to View :
the Time More of Re-Size
Scale the Screen
the EEG or Window

Display Time 01:46 01:47 n1:4a.LL 01:49 01:50 u1:51"'-\‘5
-

Re-Montaging and the Use of the Linked Ears, Average Reference and
Laplacian Norms

Double click on the Average Reference Montage or use the Tab & Arrow keys. The
corresponding Z-Scores will be displayed in the lower right Z Score window. Scan the Z-Scores
and compare to the Linked Ears montage.

Double click on the Laplacian Reference Montage or use the Tab & Arrow keys. The
corresponding Z-Scores will be displayed in the lower right Z-Scores window. Hold the left
mouse button and scan the Theta peak at 5 Hz to 6.5 Hz and make a written note of the Red Z-
Scores and frequencies in the left margin of the EEG tracings.
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@ Ch\Users\Bob\Desktop\EEG_CLINICAL REPORTs.EXCEL'XP.v2\DATANDEMO-2\DemoTBLng 2 | B S

File Edit View Collection Montage Analysis Report MeuroStat Options  Help
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Note that the scale is in microamperes because the Laplacian is an estimate of the current
flowing at right angles through the skull (Nunez, 1981; 1994; Pasqual-Marqui et al, 1988).

Linked Ears Reference Montage Revisited - Double click on LINKEARS Montage & Re-Examine
Theta and make notes as to which Locations show Red Z-Scores (i.e., > 1.96 SD). With linked
ears reference the significant Z-Scores are more diffuse.
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5 C:\Users\Bob'\Desktop\EEG_CLINICAL REPORTs.EXCEL'XP.v2\DATA\DEMO-2\DemaTBLng =RECN X

File Edit View Collection Montage Analysis Report NeuroStat Options Help

Seale (U] 0 Ahsolute Power (uh' Sq)
~ Eom FP‘-LEMWWMMMWWWWWM
EditTime |FoE
01:55 FE-LE

i F4LE
FplF3-C3-P3 ~|| ca-LE

L aplacian
T |

Long-Emersor—|| pa g
LongBP E
LongTranBP P4LE
Minda16 DL

tindo32 -
tindod 02-LE 510 15 1m0 30
tindad 5 Fraquency (Hz) |
| FTLE e g g et e ety e

Split Half 10 Z Score of #bsolute Powar
Fi-LE Yl oo, fenghenn g (Wi M ey, i fu
FF1 0.33 TELE A P et P Pt i and
FF2 1.00
F3 0.98 THLE W A ottt s A e v et
(F4035 )| 1. NMWWMWMMMWW
TestRetest | . p %WWWW@M
F] i Fz-LE WWWWWWW
FP2 0.92
F3 0.99 FetE WW”WM’W\WW‘VWWW
F2083 .|| peuiE MWWWWW@W

Display Tirne oxod 0o 002 003 0004 0005 00 TR T R
: g Fraquency (Hz)

Save Power Spectral Analyses in Tab Delimited Format

Click Analysis > FFT Power Spectra and then Absolute Power, Relative Power or Z Scores
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Click Analysis > FFT Power Spectrato Save 0.5 Hz Resolution FFT Results in
Tab Delimited Format
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Navigate to a

Folder and Name the File
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Mavigate to Folder and Name the FFT File. Default extension is *.tdt
To designate that it is Tab Delimited

Sawe Power Spectrum File As

m““’ [CABEG_CLMICAL REPORT s EXCELRP whDATAMEMD =
Save i |13 DEWD =] 4= F] = O

a1 4 8-6M-LE o EDELE CILCRETA _
1 ABTEE BT CILOR-LE =
1 520 PP CMELROSTAT 1
e AL R ATRON A UROITATL S T
S EATAE 5 CRE-BATOH Cjbbem Fober C
LIETHARLE EICRSAE )M Fobder (23 =
& 3
e
Sarvw a5 ppe: [Tt Dt Tt [ 0] | Cocel |

Yes means that the
Top row of the file will
Be the channel labels

Print EEG Tracings. After making EEG selections then click File > Print to launch the windows
print manager. Select properties and then "Landscape" and then click OK to print.

NeuroGuide only prints the EEG selections and it prints "what you see is what you get"
WYSIWYG, therefore, scale the volts or amperes and time display to your liking before printing.

Save and Print EEG Selections

Save the final edit selections that will be used in the QEEG analyses by Clicking Edit > Save
Edit File... If you wantto only print a specific page, save the edits, then clear all selections and

select the single page that you want to print.
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iﬁi ChUsers\Bob\Desktop\EEG_CLINICAL REPORT:

Eile | Edit | View Collection Montage Analysi

St Select All {Mouse Selections)
Clear All {Mouse Selections)

N

Autornatic Editing...

e ITFA Selectian...

Fpl-  Llear JTRA Selections

Lapl. . -

ﬁ Clear All Selections and Rejections

tggg Open Edit File »
Lonc|  Save Edit File..

Minc

Minc  Capy

Save in the patient/client's folder using the *.edt extension

After importing a digital EEG file to open Edit Selections for that file Click Edit > Open Edit File >
NeuroGuide and navigate to the location where the edits were saved. This only opens the Edit
Selections for a given EEG data file and an EEG file must be imported first.

Print or Export the Edited EEG in ASCII format by Highlighting Print or Export in the File Menu.

4 C\Users\Bob\Desktt

File | Edit View Call
Dpen »
Save Ctrl+5
Save As 3
Export As 2
Close
Erint
Exat

Save the Edited EEG Selections and patient information in NeuroGuide Format (*.ng) . Save

the EEG records without any edit selections in EDF format or Lexicor format or Text (ASCII)
format.
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Save Unedited EES data in Different Formats: NeuroGuide, EDF, Lexicor and Text
{ASCH). Cick File > Save As
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Selecting Report Content

Click Report > Report Selections to open the Report Dialog Box. Then Click the radial buttons
to select the report content. To Save your selections click the Save button and then name and
save your selections. To load previously saved selections click the Load Button at the bottom
of the dialog box. To exit click OK or Cancel. Save your preferred selections as Default so
that NeuroGuide will automatically load your preferred selections when you launch
NeuroGuide.
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@ Report Selections - - . l-EE—-]
Connection Maps Discriminant Functions Contectivity Suite
@ Subject Information @ Amplitude Asymmetry Learning Dizability Amplitude Azymmetry
@ Technical [nformatian @ LCoherence @ Traurmatic: Brain [njury Coherence
@ Phaze Lag Fhase Lag
@ Summary

Crozz Spectral Power

Color Maps Spectral Waluss Predictive Functions .
Ihstantaneous Connectivity
@ Abzolute Power Abzolute Power Brain Performance Index .
Lagged Connectivity
Relative Power Relative Power
. . Burst Metrics i .
Paower Fatio Paower Ratio Correlation [Comodulation]
Pask F MHumber of Bursts
eak Frequency
Standard Bands Burst Amplitude Fhase Reset
@ 1HzBands Amplitude Asprmmetmy Eurst Duration Phase Resets per Second
Coherence Burst Inberyal Phase Shift Amplitude
Phase Lag Phasze Shift Duration

Phase Lock Duration

Fate of Phase Shift

| Load | | Save | | Drefault | Faw Scores

@ Z Scores

| ak. | | Cancel | @ Page Mumbers

Click the radial buttons in the Report Dialog Box to determine the report content. When
completed, click OK and then Report > Generate Report.

To select only statistically significant Z Score connections for coherence, phase or amplitude
asymmetry click Report > Report Selections > Connection Maps. The complete range of raw
scores and Z Scores for connectivity measures is available in the connectivity Suite.

Click Report > Report Selections > Spectral Values in the dialog box and then select or de-
select the FFT numerical spectral values to be included in the report. All numerical values can
be saved by clicking Save > Tab Delimited Text file in the Output Windows, the window below
controls a limited set of numerical values that are printed in the report itself.

Click: Report > Color Selections to Select the range of Z Scores and colors ranges in the
Topographic Z Score maps.

In the color map settings dialog box select the Z Score range and color contrasts, then close
the Color Map Settings window.
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Select Topographic Color Scales for Raw Scores and Z Score Ranges

Select Scaling of Absolubte and
Relative Topographic Maps

indiadisal Scaling for The MEn-Max Values

Global Scaling for Min-Max of Al Maps

Mamual Scaling for Mn-kax of Al

/\

244

’l;.‘;!' Repgé Optiakg

“

L]

[ Ao tral i| Connectivity | Z S"corel General |

.....................................

Absolute Power Color Maps

|__» @& Agomatic Individual Scaling

/t'“ Automatic Global Scaling

Manual Global Scaling

\ 6 Automatic Individual Scaling
" Automatic Global Scaling
T rr Manual Global Scaling

..............................................................

Click Z Score Tab to Scale the range of Normal Z Scores and to Change the Color Scheme
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Select Different Colors for the
Nomal 2 Score Range

# Report Preferences @

Raw Score Z Score |G&neraI]

Z Score Head Maps

£ Score Range

=100

Nomal Range iNormal Color!

+Jos0 Dark Gray

Momal Color Contrast Transparent

=030

Min/Max Color Contrast

=016

Select Diflerent Z Score Ranges
and Boundaries

Save your report selections so that you can tailor the report to meet your needs and so that
you can easily retrieve your selections in the future.

Load previously saved selections so as to quickly tailor the report to meet your needs.

After making your Selections (Final Items Checked and Unchecked) click OK in the Report
Selections Dialog Box, then click Report > Generate Report to compute color maps and report
content. Repeat with Different Montages and Conditions (Laplacian & Average Reference) for
additional report output.

Click Report > Report Selections in the Menu. Uncheck and check FFT Connection maps that
you want in your Report. The connectivity maps are limited to a smaller number of measures
and the statistically significant pairs of leads only. This is in contrast to the Connectivity Suite
which presents all 171 possible combinations and a full range of Z Scores for a wide range of
connectivity measures.
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Click Report » Report Selections and Color Maps & Connectivity Maps

- - e = I e - Ty '! o
}Enmu:tim Maps Dizcriminant Funchions Connectivity Suite
@ Amphbude Asymnvety Learning Disabibty Amplitude A symnmelny
@ Coherence @ Traumatic Bramn Ingay Coherence
@ Phase Lag Phaze Lag
Cross S pectral Fower
Spectral Vales Predictive Funchons .
Instantanecss Connectnity
| @ Absolute Power Abzolute Power Bran Performance Index .
Lagged Connecinily
Relative Power Felative Power P
Power Ratio Power Ralio SsLSCC Corelation [Comodulation]
| Pesk F Mumber of Bursts
e reguency
Standard Bands Burst Amplitude Fhase Reset
@ 1 Hz Band: Amplitude Ssymmetny Burst Duration Phaze Resets per Second
Il Coharerce Burst Irnderval Fhase Shift &mphtude
Phaze Lag Phase Shift Durstion
Phaze Lock Duration
y Rate of Phaze Shift
l Load Save ] l Defauk Faw Scones
@ Z Scores

® Pocsunbes

First Page of Report is the Subject Information, then Technical Information and then
Summary Page. Below is an example of a summary page
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Mntage LINKEARS EEG D TOMEC!
Z Scored FFT Summary Information

C000C
20000
s 2 L
B B
SOHHGG

ISmw I 8w =1 09

Example Page of the 1 Hz Z Absolute Power Z Score Maps
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Z Scored FFT Coherence
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In the Analysis Output panel, click Save > Bitmaps to save the Results of the Color Maps in Bit
Map Format or click Save > Tab Delimited to save the numerical values in ASCIl Tab Delimited
Format to be Export to Excel or Database Management or Statistics Programs. Create a
Folder, then open the folder and name the bitmap files before saving them in the folder. Later
navigate to the Folder to Import directly into Word, or Power Point or Print Shop Pro, etc.
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Validations®”

Appendix A: Warning about Digital and Statistical Analyses of the EEG

WARNING: NeuroGuide does not diagnose and only provides displays of the digital EEG and
statistical analyses of selected EEG segments. NeuroGuide requires competent human
intervention for it's many mathematical tools and NeuroGuide is only considered as an adjunct
and/or as a supplement to other measures that may aid in evaluating the status of the EEG by a
competent person. Clinical use of NeuroGuide requires a competent medical or clinical
professional. NeuroGuide is a standalone software package that uses "look up" table
functions to create Z Scores which are a reference based on published scientific selection
criteria of samples of EEG (Thatcher et al. 1987; 1986; 1989; 2003) and the use of these tables
is at the discretion of the competent professional. It is advised that reliability measures and
validity tests using different montages and different selections of EEG be conducted as a
routine procedure when using NeuroGuide. NeuroGuide was designed to allow for mouse
click selections and testings of hypotheses and reliability and validity using digital analyses of
the EEG. EEG is not a substitute for EEG, but an addition to EEG. Some forms of clinically
important information are better recognized by eye than by quantification, and the visual
inspection of the waveform EEG data is a good way to monitor and control the level of
consciousness as well as eye movement and muscle artifacts. A qQEEG device will not
substitute for lack of EEG training, qEEG is more demanding than classic EEG on both the
clinician and technologist. Those performing and reading of qEEG studies must not only have
basic EEG skills, but must also have a functional understanding of the numerical and statistical
techniques used in qEEG, be specifically trained in qEEG analysis and be aware of the
necessity for better control of artifact and subject state. qEEG should always be interpreted by
a knowledgeable clinician in the light of all relevant information.

CONTRA INDICATIONS: EEG artifact can invalidate analyses and improper positioning of
electrodes or significant deviations from accepted standards of electroencephalographic
recording methodology can invalidate EEG recordings or erroneous storage of data and
falsification of data, improper manipulation of data or unlawful uses of NeuroGuide including
violations of copyright law and other improper uses of NeuroGuide are all contra indicated.
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Appendix B: Computation of the Auto-spectral and Cross-spectral Densities,
Coherence, Phase Delays and Amplitude Asymmetry of the
Edited EEG Selections

Use the Signal Generator to Calibrate the Digital Signal Processing
1- Import of digital EEG data involves the following steps:
1) Down-sample or up-sample to 128 Hz;

2) Baseline the EEG by filtering at <1 Hz and > 40 Hz (5th order Butterworth filters and
creating values from zero time to negative time to allow the filter to start at time point
= O);

3) After each edit selection baseline the spliced selections of EEG by filtering a second
time at <1 Hz and > 40 Hz.

2 - Amplifier equilibration is computed as the difference between the normative database
amplifier characteristics in microvolts based on the frequency response of a calibrated sine
wave from 1 to 40 Hz. The equilibration ratio for each EEG machine manufacturer is a
coefficientin all of the subsequent spectral computations in the list of EEG machines in the File
> Open window. The FFT (Fast Fourier Transform) parameters are: epoch = 2 seconds at a
sample rate of 128 sample/sec = 256 digital time points and a frequency range from 0.5 to 40 Hz
at a resolution of 0.5 Hz using a cosine taper window. Each 2 second FFT is 101 rows
(frequencies 0 to 50 Hz) X 19 columns (electrode locations) = 1,919 element cross-spectral
matrix for each subject. NeuroGuide uses the same equations as used by the Key Institute
(see Key Institute equations 10 to 19 in the Key Institute Help Manual) and Bendat and Piersol,
1980; Otnes and Enochson, 1978 which are standard equations. The N in the Key Institute
cross-spectrum equations 16 and 17 is the number of 2 second windows that are used in the
computation of the average FFT which is the sum of the spectra from 2 second windows/N.
The last whole integral of 256 points marks the end of window summation and averaging. The
N sub T (Key Inst. equation 17) is the number of time frames per FFT window = 256 at 128
samples per second. A detailed documentation of the mathematical equations for the Fourier
Transform and the Power Spectrum and Power Spectral Density is available at http:/
www.appliedneuroscience.com/Brain%20Connectivity-A% 20Tutorial.pdf

3 - In order to minimize the effects of windowing in the FFT (Kaiser and Sterman, J.
Neurotherapy, 4(3): 85-92, 2001) a EEG sliding average of the 256 point FFT cross-spectral
matrix was computed for each normal subjects edited EEG by advancing in 64 point steps
(75% overlap) and recomputing the FFT and continuing with the 64 point sliding window of 256
point FFT cross-spectrum for the entire edited EEG record. Each of the 101 frequencies for
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each 19 channels is log10 transformed to better approximate a normal distribution. The total
number of 2 second windows is the number that is entered into the analysis of variance and t-
tests and itis used to compute the degrees of freedom for a given statistical test.

4 - The FFT mean, variance, standard deviation, sum of squares, and squared sum of the real
(cosine) and imaginary (sine) coefficients of the cross-spectral matrix is computed across the
sliding average of edited EEG for all 19 leads for the total number of 101 frequencies and 1,919
log transformed elements for each subject at 0.5 Hz resolution. This creates the following eight
basic spectral measurement sets and their derivatives

1) Cross-Spectral Power (square root of the sums of squares of the real and imaginary
coefficients);

2) Auto-Spectral Power which is the diagonal of the cross-spectral matrix where the
imaginary coefficient =0 and power =sine square;

3) Amplitude asymmetry of auto-spectral power = (A-B)/(A+B) x 200 where A = EEG
channel 1 and B = EEG channel 2;

4) Coherence = square of the cross-spectrum divided by the product of the two auto-
spectra;

5) Phase = arctangent of the ratio of the reallimaginary components for frequencies
from 0.5to 50 Hz,;

6) Real coefficients;
7) Imaginary coefficients; and
8) Peak Frequency = sum (freq. x abs. power(freq))/sum abs. power(freq), e.g., (4.0x2

+4.5x4+5.0x2)/(2+4+2) = 4.5 Hz).

(Bendat and Piersol "Engineering applications of correlation and spectral analysis”, John
Wiley & Sons, NY, 1980; Otnes and Enochson "Digital time series analysis", Wiley-Interscience,
1978; Press et al, "Numerical recipes in C".

5-The frequency bands are slightly different for NG 1.0 to NG 2.3.8 and were changed on May
15, 2007 for NG 2.3.9 and later versions. The frequency bands for the various versions of
NeuroGuide are shown below:
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NGv1.0-2.3.8 NG v 2.3.9 and later
Delta 1.0-35Hz 1.0-40Hz
Theta 4.0-75Hz 4.0-8.0Hz
Alpha 8.0-12.0Hz 8.0-12.0Hz
Beta 12.5-25.0 Hz 12.0-25.0 Hz
Hi-Beta 25.5-30.0 Hz 25.0-30.0 Hz
Gamma 30.0-40.0 Hz 30.0 -50.0 Hz
Alpha 1l NA 8.0-10.0 Hz
Alpha 2 NA 10.0 - 12.0 Hz
Beta 1 12.0-15.0 Hz 12.0-15.0 Hz
Beta 2 12.0-17.5 Hz 15.0-18.0 Hz
Beta 3 18.0-25.0 Hz 18.0-25.0 Hz
Gamma 1 NA 30.0 - 35.0 Hz*
Gamma 2 NA 35.0-40.0 Hz*
Gamma 3 NA 40.0 - 50.0 Hz*
* Coherence, Phase and Amplitude Asymmetry Sub-bands of Gamma

The reason for the change in frequency band designation was to create uniformity between the
FFT and the JTFA frequency analyses. The FFT spectrum is computed with 0.5 Hz resolution
with the center frequency at 0.25 Hz within a given frequency 0.5 Hz band. The frequency
bands in NeuroGuide do not have any gaps or overlaps, for example, frequency band 1.0 Hz to
20Hz=10to15Hz+1.5Hzto 2.0 Hz. The adjacent frequency band, 2.0 to 3.0 =2.0to 2.5 Hz
+ 2.5 Hz to 3.0 Hz. The complex demodulation JTFA analyses use the same frequency bands
as the FFT but without the sharp 0.5 Hz sub-bands as are used in the FFT.

6- Split-Half Reliability Coefficient is defined by the ratio of the variance of the even and odd
seconds of the selected EEG record and referred to as the proportion of the obtained variance
that is true variance. Test Re-Test reliability uses the same equations but is the ratio of the
variance of the first half of the EEG selections vs the variance of the second half of the EEG
selections (Ferguson, G.A., Statistical Analysis in Psychology and Education, McGraw-Hill,
1976. Test Re-Test reliability is especially useful for detecting state changes in vigilance during
the course of the recording session.

7 - Time-Frequency means, standard deviations, sum of squares and squared sum of the real
and imaginary coefficients are computed using complex demodulation. A 500 millisecond
integration window and a five point recursive filter with a sixth order Butterworth band pass
filter is used. The center frequencies and half bandwidths for absolute power, relative power,
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amplitude asymmetry, coherence and phase differences are: Delta = 2.5 Hz, 1.5 Hz; theta = 6.0
Hz, 2 Hz; alpha = 10 Hz, 2.0 Hz; Beta = 8.5 Hz, 6.5 Hz; Hi-Beta = 27.5 Hz, 2.5 hz; Beta-1 = 13.5
Hz,15Hz; Beta-2 =16.5Hz, 1.5 Hz; Beta-3 =21.5 Hz, 3.5 Hz; Gamma = 35.0 Hz, 5.0 Hz; Alpha-1
=9.0 Hz, 1.0 Hz and Alpha-2 =11.0 Hz, 1.0 Hz . The center frequencies and band widths were
selected in order to achieve high reliability and stability and to approximate accepted band
widths used in EEG biofeedback. The computational details of complex demodulation are
described in Otnes and Enochson "Digital time series analysis"”, Wiley-Interscience, 1978 and
at: http://www.appliedneuroscience.com/Brain%20Connectivity-A% 20Tutorial.pdf

8 - Z Scores are computed as meanl population mean/population st. dev. where the
population mean and standard deviation are computed across normal subjects for each age
group and where meanl = the average spectral value computed based on the users EEG
selections for a given subject. There are 21 different age groupings from birth to 82 years of
age. Go to Appendix-F to view the age groupings. Details as to selection criteria, artifact
removal, reliability, cross-validation, fitting to a guassian curve and other aspects of the norms
are published in peer reviewed journals (see Thatcher et al, Science, 236: 1110-1113, 1987,
Thatcher, J. Neurotherapy, 2(4): 8 39, 1998; Thatcher et al, J. Neurotherapy, 7 (No. %): 87 122,
2003; Thatcher et al, Clinical EEG and Neuroscience, 36(2): 116-122, 2005). Z Scores of
autospectral and cross-spectral power are based on 0.5 Hz frequency bins from 1 to 30 Hz (i.e.,
61 total 0.5 Hz bins) and are displayed in the NeuroGuide edit screen when one selects the
Dynamic FFT option (i.e., click View >Dynamic FFT > Absolute Power). Band Z Scores, e.g., 1
Hz bands, delta (1 to 4.0 Hz), theta (4 - 8 Hz), alpha (8 - 12 Hz), beta broad (12 - 25 Hz), beta 1 (12
-15Hz), beta 2 (15 - 18 Hz), beta 3 (18 - 25 Hz) and hi-beta (25 - 30 Hz) are the average of the 0.5
Hz Z Scores within a given band. Averaging of the Z Scores within a band provides for
flexibility customizing bands as well as exact replication in the Dynamic FFT window which is a
what you see is what you get WYSIWYG display that gives instant verification to the
topographic maps and band Z Score values. Coherence, phase and amplitude asymmetry do
not involve averaging of Z Scores within a band but rather the computation of the mean and
standard deviation of band value using the cross-spectral FFT.

9 - Time-frequency Z Scores are computed using complex demodulation. The within subject
variance as well as between subject variance is used to compute the database means and
standard deviations. There is no averaging of Z Scores within a band, instead the absolute
power within a band is determined by the center frequency and band width of the complex

demodulation. The computational details of complex demodulation are described in Otnes
and Enochson "Digital time series analysis”, Wiley-Interscience, 1978 and at:http:/
www.appliedneuroscience.com/Brain%20Connectivity-A% 20Tutorial.pdf

10- Effective Connectivity uses the Phase Slope Index (PSI) to compute the direction of the
information flow between two signals. The slope index indicates the temporal order of two

signals, which is then interpreted as a driver-responder relation. This mean if T2 0 then the
signal i happens before the signal jwhere i is the driver and j is the responder. After computing
the absolute value of coherence called coherency we compute the Phase Slope index (PSI) as:
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where Phi is the coherency function between channel i and |, 57 is the frequency resolution in

our case = 0.5Hz. < represents the imaginary part of coherency. We do this for each 0.5 Hz
frequency bin within a band and then we compute the average for the standard band
definitions in NeuroGuide.

Appendix C: Warning about Cross-Platform Data Transfers

WARNING: NeuroGuide uses a splicing method of appending edited selections of EEG
(minimum segment length =600 msec.) and then baselines using a Butterworth high pass filter
at 1 Hz and a low pass filter at 55 Hz so as to minimize splicing artifact. When NeuroGuide
exports the edited selections there is an approximation to baseline adjustment and possible
splice artifact may occur when the edited data are imported into other software platforms.

Amplifier matching will be violated if users, for example, collect EEG using a Deymed amplifier
and then exportin Lexicor format because NeuroGuide matches the amplifier characteristics of
different EEG equipment manufactures and miss-labeling defeats the matching process.

Another warning about cross-platform comparisons are possible differences in FFT epoch
lengths (NeuroGuide uses 2 second epoch lengths), windowing methods (NeuroGuide uses
cosine taper windowing), successive vs. overlapping epochs (NeuroGuide uses 75% sliding
epoch overlapping while other platforms do not use overlapping epochs, see Appendix B), etc.
Within platform analyses using calibration sine waves are recommended and cross-platform
comparisons are not recommended unless the exact same analytical procedures are used.

Appendix D: Default LORETA Electrode Coordinates and T Matrix

ASCII Electrode Order and Spherical Coordinates for Use of the NeuroGuide Output Files with
the Key Institutes LORETA Explorer. If the Lex-TalairachCoord.xyz file is not available then
create this file by copying the values in the Table below and save as an ASCII file (tab delimited,
free space or comma delimited). You will need this file in order to use the NeuroGuide output
files with the LORETA Explorer. The user of course can always create their own electrode
coordinate files and T matrices by using the Key Institutes Talairach Electrode Coordinate
Maker 01.

19
-3.28E+01 8.10E+01 -3.70E+00 Fpl
1.49E-09 9.02E+01 -4.63E+00 Fpz
-7.06E+01 3.16E+01 1.32E+00 F7
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-5.09E+01 4.82E+01 5.04E+01 F3
1.49E-09 5.70E+01 7.11E+01 Fz
5.09E+01 4.82E+01 5.04E+01 F4
7.06E+01 3.16E+01 1.32E+00 F8

-8.25E+01 -1.95E+01 6.51E+00 T3

-6.11E+01 -1.31E+01 6.95E+01 Cc3
1.49E-09 -1.03E+01 9.65E+01 Cz
6.11E+01 -1.31E+01 6.95E+01 C4
8.25E+01 -1.95E+01 6.51E+00 T4

-7.34E+01 -7.25E+01 1.19E+01 T5

-5.14E+01 -7.75E+01 6.37E+01 P3
1.49E-09 -8.02E+01 8.37E+01 Pz
5.14E+01 -7.75E+01 6.37E+01 P4
7.34E+01 -7.25E+01 1.19E+01 T6

-3.17E+01 -1.16E+02 1.64E+01 01
3.17E+01 -1.16E+02 1.64E+01 02

Appendix E: University of Maryland Amplifier Characteristics
Normative reference EEG was acquired using 20 identical amplifiers mounted in a rack at the
Baltimore campus and another rack of 20 identical amplifiers at the Eastern Shore campus.
Each of the amplifiers and A/D systems were calibrated before and after each subject's EEG
and evoked potential acquisition.

® Gain =104 v/v switchable to 105 viv

® Gain Stability =0.5%

* Common Mode Rejection =100 db

®* Bandwidth: 0.5 Hz to 27.5 Hz 3db point with notch filter at 60 Hz. Notch Q = 10, Notch
rejection =40 db, flatness less than 0.25 db.

® Input Impedance =100 meg (differential or common mode).
®* Noise Level =0.5uv p-p at 104 viv & 1.5 uv p-p at 105 viv.

* Nominal Output Level =+ 0.5v at 104 v/v & £+ 5v at 105 v/v.

* Supply Voltage =+ 15vdc.

® Supply Current =+15vdc: 37ma+ 10% & -15vdc: 37ma+ 10%
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* Ato D conversion =12 bit, sample and hold (Analog Devices).

* Sample Rate =100 Hz.

Below is an example of the frequency response of the University of Maryland amplifiers

Norm Amp Frequency Response (80 uV = 400 mv, Gain = 5,000)
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Frequency (Hz)

NeuroGuide uses calibrated sine waves injected into the input of different EEG machine
amplifiers as well as the normative database amplifiers in order to equilibrate the frequency
responses and thus match amplifier characteristics. The graph below is an illustration of the
method of amplifier matching between 1 Hz and 30.5 Hz for the Deymed amplifier and the Univ.
of Maryland amplifiers in which the equilibration ratio at each frequency is used to amplitude
scale the FFT in order to match the frequency characteristics of amplifiers. Although 0to 40 Hz
is shown, matching is only between 1 Hz and 30.5 Hz as stated above.
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Nomative Database Amplifier Maiching — Microvolt Sine Waves 010 40 Hz
Equilbration Ratios to Maich Frequency Responses
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Appendix F: Normative Database

The NeuroGuide (NG) normative database in versions 1.0 to 2.4.6 included a total of 625
carefully screened individual subjects ranging in age from 2 months to 82 years. NG 2.5.1
involved the addition of 53 adult subjects ranging in age from 18.3 years to 72.6 years resulting
in a normative database of 678 subjects. The inclusion/exclusion criteria, demographics,
neuropsychological tests, Gaussian distribution tests and cross-validation tests are described
in several peer reviewed publications (Thatcher et al, 1983; 1987; 2003).

The age matching of norms in NeuroGuide version 1.0 to 2.3.8 involved stratification of age in
five non-overlapping age groups as described in Thatcher et al, 2003. In order to increase the
time resolution of age sliding averages were used for the stratification in NeuroGuide version
2.3.9. Two year means were computed using a sliding average with 6 month overlap of
subjects. This produced a more stable and higher age resolution normative database and a
total of 21 different age groups. The 21 age groups and age ranges and number of subjects
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per age group is shown in the bar graph Appendix F figure 2 below.

NeuroGuide version 2.5.1 expanded the number of age groups to 22 with the addition of a finer
adult age grouping between age 45 and 82. The 22 age groups and age ranges and number of
subjects per age group is shown in the bar graph in Appendix F figure 3 below. NG 2.5.1 thus
has a normative database of 678 subjects from 2 months of age to 82 years of age. The
childhood norms from 2 months of age to 17.9 years of age are the same in NG 2.5.1 as they
were in NG 2.3.9. Cross-validation and Gaussian tests were performed using the standard
methods described in Thatcher et al (2003). Below is a diagram of the procedures used to test
Gaussianity and cross-validation and clinical correlation (from Thatcher et al, 2003, figure 1):

Normative Database Validation Steps

Transform & Re-Compute

Reliability |
s [ime Domain c
o
¥ ¥ .ﬁ
a
- o
EE gzn o Means Z =
Time F E * * & *| Scores| | > >
Series St Dew.
= o
s
F 0
requency
— E > N | _Real
EC Domain = _ a
L EO ve-Ref I —Irm=ginary th
—wimvalats
— Task sD | LORETA
L Etc L | Hjorth Descriptors
|—Eigerfunction=
L ITFA

Etc=

Clinical Correlations & Predictive Validity
Parametric & Mon-Parametric Statistics

Below is agraph (Figure 2) that shows the 22 different age bins and the number of subjects per
age bin in NG 2.5.1 and later releases of NeuroGuide:
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NEUROGUIDE NORMATIVE DATABASE N=672 Subjects

100

No. of Subjects

0.0- 10- 20- 30 40- 50- 60- 70- 80 9.0 - 100- 11.0-12.0-13.0- 14.0- 15.0- 17.0- 20.0- 25.0- 30.0- 35.0- 45.0-

20 30 40 50 6O 70 8O0 9.0 100 110 120 13.0 140 150 16.0 20.0 250 30.0 350 400 500 82
AGE Bllls

Graph of Normative Database Released with NG 2.6.8 (8/24/11). The blue color are the norms
for NG 2.0 to 2.4.6, the magenta color are the added normative subjects in NG 2.5.1 to 2.6.7 and
the yellow color are added 49 normative adult subjects in NG 2.6.8.
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NORMATIVE DATABASE N =727 Subjects as of 8/24/2011

100

Cross-validation involved computing the sensitivity and classification accuracy of each normal
subject in the normative database. An illustration of the computations are shown below and
the complete details of the computation are provided in Thatcher et al, 2003.
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Sensitivity Based on Deviation from Gaussian
Cross-Validation Accuracy N =625 Subjects

False. Neg. = (2.3 - 1.98) = .32

False Pos. = {288 -2.3)= 6

Expected = - 2.3%
(Observed = - 1.98%)

Expected = + 2.3%
(Ob=served = + 2.88%)

; ”
_3/_2

-1.96 5.0.

. . [ =
0 1 2 3
£ Scores

+1.96 5. 0.

True Positive = (100 - {1.98 + 2.88) =95.14%

o TP 95.14
Sensitivity = = = 98.96%
TP + (FP + FN) 95.14+10
Specificity = m = Undefined

TN + (FP + FN)

There are too many tables and charts to show all of the cross-validation results of the entire
normative database which also includes Burst Metrics, Phase Reset and Cross-Spectra in the
Connectivity Suite. Nonetheless, below are examples of the results of cross-validation for
many of the normative database values. The method of cross-validation is described in
Thatcher et al (2003) and is shown in the figure above.
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[Absohie Power |
PERCENTAGES Based omithe & of STDEVS SENSITRATY
FREQ <.15D =150 <.2 80 =250 =.350 >3SD |25TDEVE [ISTDEVE
[efta 17.55% | 15.04% 2.86% 1,39% 0.25% 0,02% 95.64%) 99744
Theta 17.45% | 1533 AT 1.094% 0, 16% 0,18% O5.64%) 00744
Alplia 1449 | 14.95% 1.96% 1.10% 0.57% 0,08% 95.65%) 99.75%
Beta 14.25% | 14.68% 2.08% 2.2 0400 0,36% O5.64%) 99754
Hi-B#ta 12.45% 14.06% L96% 3385 0.4 3% 0.67% G5.64% 99,75%
Batad 14.64% 14.10% 2.40% 2.26% 049% 0,28% 95.64% 99.75%
Bata? 14.03% 14.20% 243% 2.2T% 0,500 0.38% B5.64% 99.75%
Batad 13.78% 14.81% 1.47% 207% L 36% 0,45% T564% 99.75%

[Relative Power |
PERCENTAGES Based onthe 2 of STDEVS SENSITRATY
FREQ | <.1SD | =1SD | <.25D | =2SD | =.35D | >3sD |25TDEvs [35TDEVS
Dl 13.95% 13.30% 4.28% 0.37% 1.22% 000 95.64% B0, T5%
Thistay 14.13% 13.65% 312% 1.88% 0.95% 0. 10% B5.655% .75%
Alplsa 15.83% 15.48% 105% 1.14% 0.55% 0.00% 95.64% 0,7 5%
Bita 15.53% 15.82% 1.74% 2.88% 0.24% 0.05% 95.64% HLT4%
M-Bota | 1253% | 15.01% | oets [ 3Tes | oaew | oams 95.64%] 90754
Bada 14.97% 15.85% 1.36% 2.92% 0.18% 0.32% 95.64% L T5%
Betaz 14.86% 15.45% 1.80% 2.96% 020 018 B5.64% LT5%
Bedad 15.10% 1513 1.44% 341N 0.24% 0L2T% 95.64% BT 5%

[Relathee Power Ratios |
PERCENTAGES Based onthe = of STDEVS SENSITMTY
FREQ <480 | >1%D0 | <.2%D | >2%D | <-3sD | >3SD |2STDEVe |ISTDEVS
DT 14.78% 14.3T% JA43%N 1.5 043 020 B5.65% LT
A 15.16% 14.7T% 2.90% 1.97% 0.18% 0,364 a5.64% 0. 75%
1] 15.69% 1417 JA44% 1LAT% 0415 0.17T% A5.64% T
HB 15.40% 11.97% 3.93% 063 0.72% 0.28% 85.64% T
TA 15.90% 14.50% 262% 1.80% 0L30% 0.19% 95.64% YLTHS
i 1521% | 14.86% | 277% | 221% | 0.36% | 0.06% 95.65%|  99.75%
THE 15.06% 1333 3A2% 1.23% 04T 0.28% 95.64% D0.75%
AB 16,07% 15.86% 2.93% 1.31% 0,26% 0,05% A5.64% HLT4%
AHB 15.33% 14.15% 3.54% 0845 0,36% 0.18% 25.64% 99.75%
BHE 14.59% 12.96% 1.90% 1.50% 0145 023 a5.63% 99.74%
ALL 15.42% 14.23% 3A4% 149% 0.39% 0.21% 9%.64% G075

[Peak Frequency |
PERCENTAGES Based onthe 7 of STDEVs SENSITRATY
FREC <480 | >1SD | <250 | >2SD | <-¥3SD | >3ISD |ISTDEVs |ISTDEV:
[elta 15.30% 14.87% 1.92% 243 L% ) 041% B5.64% 99, 75%
Theta 14.10% 15.86% 1.58% JA4% 20 0.44% 05.65% B9.75%
Alpha 15.92% 15.80% 0LB5% 33T LR 037% O5.64% 99.74%
Bata 13.99% 14.89% 1.47% J48% L0 0.56% B5.65% 990.75%
HiBsta | 10.89% | 14.5%% | 145% | 313 | 0.24% | 0.61% 95.54%]  99.75%
Betal | 1285% | 13.08% | 350% | 127% | 1.36% | 000% | 0564n| 09.76%
Beta? | 1891% | 1494% | 251% | 236% | 034% | 023% | 9564 90754
Betal 14.88% | 14.50% 1.85% 2.61% 0.27% 0.28% 95.64%)  99.75%
ALL 14.23% | 1488 1.90% 2.76% 0.35% 0.37% 95.64%) 99.75%
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[Emplinde Asymmatry | [CrossSpectial Fower | [Fhitse Feset pas Secend | [Buret pet Second ]
SENSITIVITY SENSITIVITY SENSITIVITY SENSITIVITY
ST e N D s STOEVS ] [TFREQ [ealevs [oiievs] | FREU |iaileve [iaiieys
Dot | A0 W55 | Dehta | Sohae| $05e|| Oea | Bkin] Waan|| Deha | Sohin] 99a5)
Thata | S564% 99.05% | Theta BhAd%|  WRIHN] ) Thets | S560%] 99.75Y% Theta A% TN
Migha | %EI% 9054 | Alpha W] WOTN | Alpha | 958N WTIN|  Alpha RN TN
Beta A BN | Bea | TS| | Beta FE1%]  FTEN Eata Hh3%  HISN
HiBeta | 9565% 90.75%| | HlBeta | 9B65%| 9905%] ) HiBeia | 9540% 97551 HiBew B5hdN| IS
Betal 560N TS| Betad 9564% WIS | Betal TR Betal 95545 TSN
Betad | o0 B0 | e [ BN BIN | Bewd | BEH|] Ol Bead | BEN] BI5
Berad | Bans] Wns| | Betad [THEIN W05 | Betad [TEEN] Wl Bead [T ORRIN @05
AL Wed W ﬂ. W pdh] wney| | ALL Pads] T ALL [N
[Ceheence | [NPRESE ] [Phase Reset Rmpl Means | [Burst mpliude Weans |
SENSITIVITY SEMSITIVITY SENSITRITY SENSITIVITY
TETE Vs [isTDEve] [ TREG [2oiDEve [roibeve] [ TRED poiieveiatieve] | TE0 |5 10Evs ailEvs
Dl [N H.TE: [ehia A% WIS | Dela AN AT Delta B3N WO
Theta | 95505 905%|| Theta | %560% 99054 | Theta | 358% 90.05%(] Theta WA3N| WIS
Slpha | BAIS] TS| Alpha | SRS W05 | Alpha [ BEIN] B5N|| Alpha [ BAN] WIS
Beta | BRAHN] BASN|| Beta | WSGA%| WA | Ben | SSENN] WTSH||  Bew o
HiBeta | 9564%)  OLTSS[ | MiBeta | %565%] WOTRN]| HEBeta | S5E%] SATSS|| HiBeta | 5EN]  SATEN
Betal | Wohdh| O0an| | Bewd | WAL W0%| | Bel | BRERS| S0G||  Beal GEh B
Boaad [ BATN B05 | Bewd [HES] BB | Beal [HAN B | Bewt [BHN BI
Beiad | Wobdn| Sion| | Betad [T WRTR] Waon] | Betad [ SRd) S| | Betd [TW0 S
N T T T 0 | VO T D | LW
[RBsehne Phase | [T of PRASE | [Phase Reset Tmatian Meaas | [Burst Durafien Bears ]
SENSITIVITY SENSITIVITY SENSITIVITY SENSITIVITY
TRTOE Vs JaoTOEvs] [ FREG [eatievs Lotievs] [ FREQ [Rotieve iaTEvs] | FREQ [ooTDEVE|Sa Uevs
Dalta g WIS | Deha 6% ¥ | Dela WhiG| WIS | Deha EREEER
Theta | S84 IS4 | Theta | 3564% 99754 Theta [ 95645 90J54)( Thets TR
Alpha | S56%] TSN | Alpha | 3560%] WOTSN)| Alpha | SRAIN] WRISN]( Mpha | S5RN] BTSN
Bata | WBIN] WTEN | Beta | 9564N] 9O5%1 | Bew | GRS WIS Bew | 966N 99.04%
Hi-Beta | 9555% 90T | HEBera | %565% 99.75% | HiBeta | S364%) WIS | HEea FEN BN
Batal | 9564%| WOIS%| | Betal | S5RM%| 995N)| Betad [ 966|905 |  Besal R
Benal TR Wan| | Beta? | BETY| o) | Besad [ WA Waow | Betal AL B
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SENSITIVITY SERSITIITY SENSITIVITY SENSTTIITY
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Thets | 550N US| | Theta | 95605 S50 Thew | W5IN] ORTSE|| Theta | 95645 9154
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Appendix G: Low Resolu

tion Electromagnetic Tomography (LORETA)

Normative Reference Database: Birth to 82 years

1.0- Introduction

264
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There are many potential uses of a normative EEG database among the most important being a
statistical guess as to the error rate or to the probability of finding a particular subjects EEG
measure within areference normal population. Most other uses of a reference EEG database
also involve statistics and the same statistics that all of modern clinical medicine relies upon.
For example, null hypothesis testing, measures of reliability, sensitivity, power, predictive
validity, content validity, etc. all depend on specific assumptions and statistical procedures.

Low Resolution Electromagnetic Tomography (LORETA) (Pascual-Marqui et al, Int. J.
Psychophysiol., 18: 49-65, 1994; Pascual-Marqui, Internat. Journal of Bioelectromagnetism 1:
75-86, 1999) is a distributed inverse model of 2,394 gray matter pixels to estimate the current
sources in 3-dimensions that give rise to the surface EEG. The use of a normative LORETA
database depends upon the statistical distribution of the 3-dimensional sources. The
statistical stability of a normative database is directly related to the extent that the distribution
of sources in a large population of normal individuals approximates a Gaussian distribution.
This appendix demonstrates how the use of the FFT cross-spectrum of 2,394 sources from a
large population of normal subjects provides a reasonable approximation to Gaussian and
how leave-one-out cross-validation statistics demonstrate sensitivities > 95% accurate in the
statistical estimation of values based on the NeuroGuide normative database. Expertise in the
use of the Key Institute LORETA Viewer is necessary and validation of the maximum Z Scores
by the surface EEG in frequency and scalp location are important. The user of the NeuroGuide
LORETA normative database is encouraged to read the Key Institute documentation and
always validate the LORETA solutions based on the surface EEG.

1.1 Key Institute and Applied Neuroscience, Inc. LORETA Normative
EEG Database comparative validation

Four different normative reference databases were computed: eyes open and eyes closed for
linked ears and for average reference montages. Five sequential age groupings of 625 normal
subjects (Thatcher et al, J. Neurotherapy, 7(3/4): 87-121, 2003) were selected to cover the age
range from 2 months to 82 years. The age groupings were: 1- Two months to 5.99 years; 2- 6.0
years to 9.99 years; 3- 10 to 13 years); 4- 13 to 16 years and 16 to 82 years. The details of the
selection/exclusion criteria, clinical validation using neuropsychological tests and other
aspects of normative reference database creation are described in Thatcher et al (J.
Neurotherapy, 7(3/4): 87-121, 2003).

To make sure that the calculations of the 2,394 LORETA currents were correct, two different
procedures were compared: 1- the Key Institute computation of currents followed by leave-
one-out cross-validation and, 2- NeuroGuide computation of currents followed by cross-
validation. Figure 1is an illustration of a step by step procedure by which the ASCII digital time
series was exported to the Key Institute and then the Key Institute software was used to
compute *.crs files that were transformed into *LOR files from which means and standard
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deviations of the 2,394 gray matter pixels were computed. In order to approximate Gaussian
distributions, skewness and kurtosis were calculated and then the individual subject values
were transformed by log10 and skewness and kurtosis were re-calculated. Other transforms
such as square root and loge were used but these transforms were not as affective in reducing
skewness and kurtosis. The left side of the figure is the edited and artifact clean and reliable
Digital EEG Time Series which may be re-referenced or re-Montaged to average reference,
which is then analyzed using the Key Institute software.

LORETA Normative Database Cross-Validation Tests

Cross-\falidation

— Parametric |—

Export
ASCIH
EEG Transforms and Tests
2 Log10 False Neg.
Artifact Free Test
Digital EEG Key Inst. Loge Normality G
Sqrt Group Tests
*.Crs
+ Mon-Parametric  |—»
dor

Fig. 1 lllustration of cross-validation procedures using the Key Institute software to compute
the cross-spectrum and means and standard deviations of the 2,394 LORETA currents. Leave-
one-out cross-validation procedures were followed and parametric and non-parametric
sensitivities were compared.

The second method which yielded essentially the same results as obtained using the Key
Institute software involved computing the cross-spectrum in NeuroGuide and then multiplying
the diagonal of the cross-spectral matrix (19 columns) by the Key Institute T matrix of 2,394 x, y
& z rows for each frequency (1 to 30 Hz), then computing J or the current source density as the
square root of the sum of the squares for each frequency and each of the 2,394 pixels (same
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procedure as described by the Key Institute manual for the computation of *.crs files). Figure

2 illustrates the cross-validation procedures using the NeuroGuide software and the Key
Institute T matrix.

LORETA Normative Database Cross-Validation Tests
Using the NeuroGuide Cross-Spectral Software

Artifact Free — Transform Faise Heq
Digital EEG tEyinst St.mu.& ETest ¥

? False Pos.
L *.crs

_*h' le— Sesmilvily Test

Fig. 2 - lllustration of cross-validation procedures using the NeuroGuide software to compute
the cross-spectrum and means and standard deviations of the 2,394 LORETA currents.

Approximations to Gaussian were achieved and statistical sensitivities of the Z Scores were
computed.

2.0 Results
2.1 Gaussian Distributions and Affects of Log transforms

Figure 3 shows examples of the pre and post log10 distribution of LORETA Z Scores in the
adult subjects for different frequency bands.
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Fig. 3 - Distribution of the 2,394 LORETA currents in the delta (0.5 3 Hz), theta (3 7 Hz) and
alpha (8 13 Hz) without transforms (left) and with log10 transform (right). The log transform
adequately approximated a normal Bell Shaped distribution.

The ideal Gaussian and the average cross-validation values of the database by which
estimates of statistical sensitivity can be derived were published in Thatcher et al, J.
Neurotherapy, 7: 121, 2003. True positives (TP) = the percentage of Z Scores that lay within
the tails of the Gaussian distribution, False negatives (FN) =the percentage of Z Scores that fall
outside of the tails of the Gaussian distribution. The error rates or the statistical sensitivity of a
QEEG normative database are directly related to the deviation from a Gaussian distribution.
These facts provide a mathematical method of estimating the statistical sensitivity of a
normative EEG database in terms of the deviation from Gaussian for the NeuroGuide normative
database of surface EEG values as well as for the 2,394 gray matter pixel LORETA norms.
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TABLE | - LORETA CROSS-VALIDATION: Log10 Transform_n=106

1 STANDARD DEVIATIONSs |2 STANDARD DEVIATIONS |3 STANDARD DEVIATIONS
Freguency |[SKEWHNESS KURTOSIS| z=< 15D  z=15D0 | z=25D | z=25D | z=< 350 z=35D | SEN 25D SEHN 35D
FREQ_1 0.08 0.84 13.76% 14.60% 2.22% 2.52% 0.51% 0.45% 95.64% 99.75%
FREQ_2 0.19 0.39 14.47% 15.20% 1.7%% 2.44% 0.21% 0.46% 95.64% 99.75%
FREQ_3 0.24 0.14 15.79% 15.62% 1.66% 2.54% 0.03% 0.35% 95.64% 99.74%
FREQ_4 0.29 0.16 15.73% 15.83% 1.21% 2.63% 0.02% 0.42% 95.64% 99.74%
FREQ 5 0.27 0.17 15.79% 15.13% 1.44% 2.85% 0.00% 0.41% 95.64% 99.74%
FREQ 6 0.33 0.32 15.39% 14.77% 1.62% 3.11% 0.01% 0.54% 95.64% 99.75%
FREQ 7 0.33 0.30 15.25% 15.44% 1.79% 2.99% 0.00% 0.50% 95.64% 99.75%
FREQ 8 0.38 0.47 15.90% 14.69% 1.72% 3.19% 0.00% 0.44% 95.65% 99.75%
FREQ 9 0.21 0.29 15.66% 15.22% 2.20% 2.88% 0.00% 0.32% 95.65% 99.74%
FREQ_10 0.17 0.23 14.52% 16.43% 2.18% 2.38% 0.00% 0.30% 95.64% 99.74%
FREQ_11 0.64 1.51 12.62% 15.23% 1.65% 3.21% 0.00% 0.87% 95.64% 99.75%
FREQ_12 0.29 0.80 13.91% 15.06% 1.88% 3.17% 0.23% 0.44% 95.65% 99.75%
FREQ_13 0.22 0.82 13.97T% 15.20% 1.83% 2.93% 0.44% 0.45% 95.64% 99.75%
FREQ 14 0.25 0.82 14.08% 14.75% 1.79% 3.05% 0.34% 0.46% 95.64% 99.75%
FREQ_15 0.20 0.78 13.97% 15.10% 2.03% 2.86% 0.41% 0.46% 95.65% 99.75%
FREQ_16 0.21 0.82 14.05% 14.93% 2.02% 2.88% 0.37% 0.43% 95.65% 99.75%
FREQ_17 0.27 0.97 14.02% 14.41% 1.84% 2.92% 0.31% 0.61% 95.64% 99.75%
FREQ 18 0.27 0.94 13.85% 13.86% 1.75% 3.56% 0.38% 0.52% 95.65% 99.75%
FREQ_19 0.30 0.90 13.20% 14.21% 1.7%% 3.54% 0.31% 0.54% 95.65% 99.75%
FREQ_20 0.27 0.75 13.26% 15.16% 1.74% 3.26% 0.43% 0.33% 95.65% 99.75%
FREQ_21 0.34 0.73 13.38% 15.47% 1.71% 3.14% 0.19% 0.54% 95.64% 99.75%
FREQ_22 0.33 0.73 13.93% 14.90% 1.62% 3.33% 0.24% 0.57% 95.65% 99.75%
FREQ_23 0.25 0.68 13.34% 15.09% 1.98% 3.34% 0.31% 0.52% 95.65% 99.75%
FREQ 24 0.30 0.75 13.711% 14.62% 1.81% 3.40% 0.34% 0.59% 95.65% 99.75%
FREQ_25 0.43 0.93 13.11% 14.77% 1.78% 3.39% 0.08% 0.77% 95.65% 99.75%
FREQ_26 0.42 0.94 12.78% 14.70% 1.74% 3.32% 0.14% 0.80% 95.65% 99.75%
FREQ 27 0.47 1.04 12.29% 14.51% 1.76% 3.30% 0.15% 0.83% 95.65% 99.75%
OVERALL 0.29 0.68 14.14% 15.00% 1.80% 3.04% 0.20% 0.51% 95.64% 99.75%

Fig. 4 - Statistical sensitivities based for the eyes closed condition in a group of adult subjects
for linked ears and average reference.
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SKEW KURT | <-15D | =15D | <250  =25D | < 353D | =350 SENZ5D SEN 35D
0.03 D46 17.37%| 16.64% 1.45% 1.599% 0.03% 0.00%| 9563%| 93.74%h
.06 D.08) 1593%| 15.77% 2.30% 1.70% 0.12% D.08%| 9564%| 99.74%
0.37 071 13.26%| 15.55% 3.12% 1.40% 0.80% 0.00%| 9564%| 99.75%h
0.15 D42 1568%| 16.24% 1.23% 2.50% 0.03% D14%| 9563%| 99.74%h
0.48 0.35] 13.74%| 14.50% 0.82% 4.57% 0.00% D6%| 9565%| 99.74%
0.73 040 13.77% 14.90% 0.23% 4.89% 0.00% D15%| 9565%| 99.74%
4.33 021 1531%| 15.48% 3.12% 0.83% 0.34% 0.00%| 9564%| 99.74%

SKEW KURT < 1SD  =15D =< 25D =25D |« 35D  =35D SEN25D SEH35D
0.09 0.46) 18.56%| 16.19% 1.77% 1.26% 0.06% 0.00%| 95.63%| 99.74%
1.26 0.19] 1586%| 14.92% 3.21% 1.58% 0.16% 0.01%| 95.64%| 99.74%
1.62 134 1231%] 14.78% 3.74% 1.12% 1.09% 0.00%| 95.64%| 99.75%
0.07 0.06) 15.25%| 16.10% 2.38% 1.71% 0.10% 0.00%| 95.64%| 99.74%
0.25 0.32] 13.94%| 14.36% 1.74% 3.65% 0.00% 0.10%| 95.65%| 99.74%
0.54 0.23] 15.76%| 195.12% 0.50% 4.37% 0.00% 0.09%| 95.64%| 99.74%
1.64 0.65] 1498%| 14.24% 4.37% 0.60% 0.56% 0.00%| 95.65%| 99.75%

Fig. 5 - Statistical sensitivities for the eyes open condition in a group of adult subjects for
linked ears and average reference.

LORETA zCROSS-VALIDATION_EO(B) zLOG10(x)

LE
SUMMARY
DELTA
THETA
ALPHA
BETA1
BETAZ
BETA3
OMEGA

AVE
SUMMARY
DELTA
THETA
ALPHA
BETA1
BETAZ
BETA3
OMEGA

SKEW KURT <-15D =150 <25D =250 < 35SD =35D SENZSD SEN3SD
0.27 0.26) 15.15%) 14.55% 3.19% 1.38% 0.00% 0.00%| 9564%( 99.74%
0.1 0.05] 16.00% 16.44% 1.45% 2.03% 0.00% 0.07% 9563% 99.74%
0.38 0.24| 15.56% 18.30% 0.25% 2.24% 0.00% D.16%( 9562% 99.74%
0.37 0.03] 16.04% 16.76% 0.64% 3.18% 0.00% 0.00% 9564%( 99.74%
0.36 079 13.73%) 13.35% 1.88% 4.20% 0.00% 0.24% 9566% 99.74%
0.90 099 11.87%) 1457% 0.08% 5.26% 0.00% 031% 9565% 99.74%
0.1 0.36] 16.15%| 1734% 1.15% 1.59% 0.00% 0.00%| 95.63%) 99.74%

SKEW KURT =< 15D =15D <2S8SD =250 =< 3SD =35SD SEW2SD SEH3SD
0.43 0.60[ 14.20% 13.61% 3.81% 1.36% 0.06% 0.00%) 95.65%) 99.74%
0.02 016 14.87% 1592% 2.60% 1.99% 0.00% 0.06%) 95.64%) 99.74%
0.49 0.00f 15.50% 17.76% 0.18% 2.70% 0.00% 0.35%) 95.63%) 99.74%
0.38 0.0F[ 1590% 16.75% 0.68% 3.42% 0.00% 0.00%) 95.64%) 99.74%
0.37 071 14.23% 13.50% 1.33% 3.91% 0.00% 0.31%]) 95.65%) 99.74%
0.89 096 12.29% 14.83% 0.08% 5.05% 0.00% 0.46%| 95.65%) 99.75%
0.12 018 14.83% 16.81% 2.53% 1.53% 0.09% 0.00%] 95.64%) 99.74%
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Appendix H: LORETA Source Correlations

NeuroGuide uses the standard Key Institute Tab Delimited File of Brodmann Areas and
Anatomical Names to Identify each of the 2,394 gray matter voxels that are associated with one
of 66 different Regions of Interest (ROIs with 33 from the left hemisphere and 33 from the right
hemisphere) or with one of 94 Brodmann areas (ROIs with 47 from the left hemisphere and 47
from the right hemisphere). The current source values are computed for all 2,394 gray matter
gray matter voxels using the Key Institute cross-spectral equations for each successive 256
points or each two second epoch of EEG. For a2 second epoch the square root of the sum of
squares of the x, y & z values or the resultant current value is computed for each of the 2,394
pixels and a .lor file is produced for each 2 second epoch. The current density values (A/m”2)
n2 of voxels within a selected ROl are averaged and each voxel in the selected ROI is replaced
with the average value for that ROl. Then a Pearson Product correlation coefficient is
computed for the covariance of current density over successive two second epochs between
all combinations of ROIs for each frequency from 1 Hz to 40 Hz. The correlation values range
from -1 to +1 and the statistical significance level is determined by the number of degrees of
freedom which is the number of 2 second epochs minus 1. For example, 60 seconds of EEG =
30 two second epochs or 30 -1 =29 degrees of freedom and for r =0.562 then =P <.001. The
ROI correlation with itself = 1, and for purposes of using the LORETA Viewer the ROI
correlation to itself is set to zero and thus a selected ROl is white in the Key Institute viewer.

Source Correlation Flow Chart
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Source Comrelation Flow Chart
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Source Correlation Norms were computed by averaging gray matter voxels and combining
anatomical regions so that the number of voxels is sufficient to achieve a reasonable
approximation to a gaussian distribution. The total number of ROIs in the source correlation
norms =46 and they are shown in the table below. The anatomical names are contained in the
Z Score ROI control panel. The match of the numbers 1, 2 & 3 in the "Regions of Interest"
column include the average ROIs to select 46 ROIs from the larger universe of 66 ROIs. For
example, within the Frontal Lobule the extra-nulear gyrus and the inferior frontal gyrus were
averaged as represented by 1 and the medial frontal gyrus and subcallosal gyrus were
averaged as represented by 2, etc. The numbers 1,2 & 3 order the averaging within Lobules
and not between Lobules.
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Below are examples of the cross-validation tests of the LORETA source correlation normative
database and the relationship between 'U' shaped fibers and LORETA spatio-temporal

correlations.

273

Superior Frontal Gyrus

Eegion {mm) Begion {mm)
MFG Medial Frontal Gyrus 1762 FCL Faracentral Lobule TE.40
MidF G Pliddle Frontal Gyrus 20.82 FPHG Farahippocampal Gyrus TE13
AT Anterior Cingulate 26.24 IFL Inferior Parietal Lobule 8827
IFG InfFerior Frontal Gyrus 40.21 MTG Mliddle Temporal Gyrus arhd
ERN Extra-huclear 4866 ITG Inferior Temporal Gyrus 8962
FreCG  Precentral Gyrus 5295 SMIG Supramarginal Gyrus 95.80
5G Subcallozal Gyrus 5103 FC Faosterior Cingulate a6.21
[E Cingulate Gyrus F3.33 FiG Fusiform Gyrus HE.36
QG Orbital Gyrus B1E3 SFL Superior Parietal Lobule 0272
RG Rectal Gyrus B2.T77 FCu Precuneus 10404
In In=ula Ah.48 AG Angular Gyrus 10861
SubG Sub-Gyral F0.97 LG Lingual Gyrus 115.04
TTG Transwerse Temporal Gyrus 7006 Cu Cuneus 1.1
FCG Fostcentral Gyrus T2.47 S0G Superior Dccipital Gyrus 122492
5TG Superior Tempoar al Gyrus 142 MIOG Mliddle Qucipital Gyrus 122.70
Un Uncus 251 105 Inferior Qecipital Gyrus 127.40
Middle Deccipital Gyrus
Eegion {mm) Begion {mm)
10G Inferior Oecipital Gyros 1296 5TG Superior Temporal Gyrus E346
505G Superior Occipital Gyrus 20.47 TTG Transverse Temporal Gyrus  B7.00
AG Angular Gyrus 2891 In In=ula T2a0
LG Lingual Gyrus 30.03 FCL Faracentral Lobule T4.46
Cu Cuneus HE4 CiE Cingulate Gyrus 005
FC Fosteriar Cingulate 38.38 PreCG  Precentral Gyrus 2167
SMG Supramarginal Gyrus 43.02 Un Unzus 3.0
FG Fusziform Gyrus 44 BE EM Estra-Muclear 962
FCu Precuneus 45.54 5G Subeallo=al Gyrus 9398
MTG Middle Temporal Gyrus 44894 IFG Inferiar Frontal Gyrus 0383
IFL InfFerior Parietal Lobule f0.95 MidFG  Middle Frontal Gyrus .36
SFL Superior Parietal Lobule h2.28 AC Anterior Cingulate 14.05
SubG Sub-Gyral hg.66 MFG Iledial Frontal Gyrus 1E.70
FPHG Farahippocampal Gyrus fa.42 RiG Fectal Gyrus 19.0%
ITG Inferior Temporal Gyrus E0.37 SFG Superior Frontal Gyrus 12270
FCG Fostcentral Gyrus E3.26 oG Orbital Gyrus 13322
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Appendix I: LORETA Coherence and Phase

The standard procedures for the computation of Low Resolution Electromagnetic Tomography
(LORETA) were followed according to Pascual-Marqui et al, (1994; 2001); Pascual-Margui,
(1999), Gomez and Thatcher, (2001); Thatcher et al, 2005a; 2005b). LORETA is a distributed
EEG inverse solution where the currents at 3-dimensional gray matter voxels J are a linear
combination of the EEG electrical potential recorded at a scalp electrode at each sample point
to a 3-dimensional matrix of 2,394 gray matter voxels (each voxel is a 7mm3 volume) with x, y
and z coordinates in a generalized inverse that weights the solution to sources that are
synchronous in local volumes or regions using the 3-dimensional Laplacian operator
(Pasqual-Marqui et al., 1994; Pasqual-Marqui, 1999). The Talairach Atlas coordinates of the
Montreal Neurological Institute's MRI average of 305 brains (Lancaster et al, 2000; Pascual-
Marqui, 1999) and the linkage to standard anatomical 7mm x 7mm x 7 mm voxels each with a
distinct Talairach Atlas Coordinate. Groups of voxels are also defined by the clear anatomical
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landmarks established by von Brodmann in 1909 and referred to as Brodmann areas. The time
series of current source vectors in the X,y & z directions were computed at the center voxel of
each of fourty seven left hemisphere and 47 right hemisphere Brodmann Areas. In addition to
the x,y & z time series from each voxel the resultant vector was computed as the square root
of the sum of the squares for the x,y and z source moments.

The Hilbert transform of the LORETA time series was computed using complex demodulation
to compute instantaneous coherence and phase-differences between each pair of the
Brodmann area time series (Granger and Hatanaka, 1964; Thatcher et al, 2008; Bloomfield,
2000). All combinations of 47 pairs of the LORETA Brodmann area time series were used to
compute "instantaneous" coherence and phase differences from the left hemisphere and the
homologous 47 Brodmann areas from the right hemisphere. Homologous combinations were
also computed but not diagonal combinations. LORETA coherence and phase differences
were computed for each of 10 frequency bands (Delta = 1.0-4.0 Hz; theta = 4.0-8.0 Hz; alphal =
8-10 Hz; Alpha-2 = 10-12 Hz; Betal = 12-15 Hz; Beta2 = 15-18 Hz; Beta3 = 18-25 Hz; Hi-Beta =
25-30 Hz).

Appendix J: A Few of the Normative Database Publications, Replications and
Validations (see the National Library of Medicine database for
more citations)

Bell, M.A and Fox, N.A. (1992), The relations between frontal brain electrical activity and
cognitive development during infancy. Child Dev. 63(5): 1142-63.

Bloomfield, P. Fourier Analysis of Time Series: An Introduction, John Wiley & Sons, New York,
2000.

Boldyreva GN, Zhavoronkova LA. (1991). Interhemispheric asymmetry of EEG coherence as a
reflection of different functional states of the human brain. Biomed Sci.; 2(3): 266-70.

Cantor DS, Thatcher RW, Hrybyk M, Kaye H. (1986). Computerized EEG analyses of autistic
children. J. Autism Dev. Disord., 16(2): 169-87.

Cantor, D.S., Thatcher, R.W. and Kaye, H. (1987). Computerized EEG Analyses of Autistic
Children. Int. J. Autism, 114: 21-36.

Case, R. (1992). Therole of the frontal lobes in the regulation of cognitive development. Brain
Cogn. 20(1): 51-73.

Collura, T.F, Thatcher, R.W., Smith, M.L., Lambos, W.A. and Stark, C.R. EEG biofeedback
training using live Z-scores and a normative database. In: Introduction to QEEG and
Neurofeedback: Advanced Theory and Applications, T. Budzinsky, H. Budzinsky, J.

© 2002 - 2015 Applied Neuroscience, Inc.



//
2

//j’ NeuroGuide Manual Appendixes for NeuroGuide Manual 278

Evans and A. Abarbanel (eds)., Academic Press, San Diego, CA, 2008.

Dawson G, Panagiotides H, Klinger LG, Hill D. (1992). The role of frontal lobe functioning in the
development of infant self-regulatory behavior. Brain Cogn. 20(1): 152-75.

Fishbein, D. and Thatcher, R.W. (1986). New Diagnostic Methods in Criminology: Assessing
Organic Sources of Behavioral Disorders. Research on Crime and Delinquency, 23 (3):
240 - 267.

Fisher, K.W. (1987), Relations between brain and cognitive development. Child Dev. 58(3): 623-
32.

Granger, C.W.J. and Hatanka, M. Spectral Analysis of Economic Time Series, Princeton
University Press, New Jersey, 1964.

Hanlon, H. W. (1996). Topographically different regional networks impose structural limitations
on both sexes in early postnatal development. In: K. Pribram & J. King (Eds.), Learning
as self-organization (pp. 311-376). Mahwah, NJ: Lawrence Erlbaum Assoc., Inc.

Hanlon, H. W., Thatcher, R. W. & Cline, M. J. (1999). Gender differences in the development of
EEG coherence in normal children. Developmental Neuropsychology, 16 (3), 479-506.

John, E.R. Karmel, B., Corning, W. Easton, P., Brown, D., Ahn, H., John, M., Harmony, T.,
Prichep, L., Toro, A., Gerson, |, Bartlett, F., Thatcher, R., Kaye, H., Valdes, P., Schwartz, E.
(1977). Neurometrics: Numerical taxonomy identifies different profiles of brain
functions within groups of behaviorally similar people. Science, 196, 1393-1410.

John, E.R., Prichep, L.S. and Easton, P. (1987). Normative data banks and neurometrics: Basic
concepts, methods and results of norm construction. In: Remond A. (ed.), Handbook of
Electroencephalography and Clinical Neurophysiology, Vol. lll, Computer Analysis of the
EEG and Other Neurophysiological Signals. Amsterdam: Elsevier, pp. 449-495.

Ito Y, Teicher MH, Glod CA, Ackerman E. (1998). Preliminary evidence for aberrant cortical
development in abused children: a quantitative EEG study. J Neuropsychiatry Clin
Neurosci. 10(3): 298-307.

Kaiser J, Gruzelier JH. (1996). Timing of puberty and EEG coherence during photic
stimulation. IntJ Psychophysiol. 21(2-3): 135-49.

Matsuzawa J, Matsui M, Konishi T, Noguchi K, Gur RC, Bilker W, Miyawaki T. (2001). Age-
related volumetric changes of brain gray and white matter in healthy infants and
children. Cereb Cortex. 11(4): 335-42.

McAlaster, R. (1992). Postnatal cerebral maturation in Down's syndrome children: a
developmental EEG coherence study. Int J. Neurosci. 65(1-4): 221-37.

Thatcher, R. W., McAlaster, R., Lester, M. L., Horst, R. L. & Cantor, D.S. (1983). Hemispheric EEG
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asymmetries related to cognitive functioning in children. In A. Perecuman (Ed.),
Cognitive processing in the right hemisphere (pp. 125-145). New York: Academic Press.

Thatcher, R. W., Krause, P. and Hrybyk, M. (1986). Corticocortical association fibers and EEG
coherence: Atwo compartmental model. Electroencephalography and Clinical
Neurophysiology, 64, 123-143.

Thatcher, R. W., Walker, R. A. & Guidice, S. (1987). Human cerebral hemispheres develop at
different rates and ages. Science, 236, 1110-1113.

Thatcher, R. W., Walker, R. A., Gerson, |. & Geisler, F. (1989). EEG discriminant analyses of mild
head trauma. Electroencephalography and Clinical Neurophysiology, 73, 93-106.

Thatcher, R. W. (1991). Maturation of the human frontal lobes: Physiological evidence for
staging. Developmental Neuropsychology, 7 (3), 370-394.

Thatcher, R. W. (1992). Cyclic cortical reorganization during early childhood. Brain and
Cognition, 20, 24-50.

Thatcher, R. W. (1994). Psychopathology of early frontal lobe damage: Dependence on cycles
of postnatal development. Developmental Pathology, 6, 565-596.

Thatcher, R. W. (1998). EEG normative databases and EEG biofeedback. Journal of
Neurotherapy, 2 (4), 8-39.

Thatcher, R.W. (1999). EEG database guided neurotherapy. In: J.R. Evans and A. Abarbanel
Editors, Introduction to Quantitative EEG and Neurofeedback, Academic Press, San
Diego.

Thatcher, R. W., Biver, C. & North, D. (2003) Quantitative EEG and the Frye and Daubert
Standards of Admissibility. Clinical Electroencephalography, 34(2), 115.

Thatcher, R.W., Walker, R.A., Biver, C.J., North, D.M., and Curtin, R. (2003). Quantitiative EEG
Normative Databases: Validation and Clinical Correlation. Journal of Neurotherapy, 7,
87-105.

Thatcher, R.W., North, D., and Biver, C.J. (2005). Parametric vs. Non-Parametric Statistics of
Low Resolution Electromagnetic Tomography (LORETA). Clinical EEG and
Neuroscience, 36(1): 1 -8.

Thatcher, R.W., North, D., and Biver, C.J. (2005). Evaluation and Validity of a LORETA
Normative Database. Clinical EEG and Neuroscience, 36(2): 116-122.

Thatcher, R.W., North, D., and Biver, C. (2005). EEG and Intelligence: Univariate and
Multivariate Comparisons Between EEG Coherence, EEG Phase Delay and Power.
Clinical Neurophysiology, 116(9):2129-2141.
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Thatcher, R.W., North, D.M, and Biver, C.J. (2006). Intelligence and EEG current density using
Low Resolution Electromagnetic Tomography, Human Brain Mapping, May.

Thatcher, R.W., Biver, C. J., and North, D.M. (2007). Spatial-temporal current source
correlations and cortical connectivity, Clin. EEG and Neuroscience, 38(1): 35-48.

Thatcher, R.W., North, D.M, and Biver, C.J. (2007). Intelligence and EEG current density using
low-resolution electromagnetic tomography (LORETA). Human Brain Mapp. 28(2):118-
33.

Thatcher, R.W., North, D., and Biver, C. (2007). Development of cortical connectivity as
measured by EEG coherence and phase. Human Brain Mapp., Oct. 23.

Thatcher, R.W., North, D., and Biver, C. (2008). Self organized criticality and the development of
EEG phase reset. Human Brain Mapp., Jan 24.

Thatcher, R.W., North, D., and Biver, C. (2008). Intelligence and EEG phase reset: A two-
compartmental model of phase shift and lock, Neurolmage, 42(4): 1639-1653.

Thatcher, R.W., North, D., Neurbrander, J., Biver, C.J., Cutler, S. and DeFina, P. (2009). Autism
and EEG phase reset: Deficient GABA mediated inhibition in thalamo-cortical circuits.
Dev. Neuropsych, 34(6), 780-800.

Thatcher, R.W. and Lubar, J.F. History of the scientific standards of QEEG normative
databases. In: Introduction to QEEG and Neurofeedback: Advanced Theory and
Applications, T. Budzinsky, H. Budzinsky, J. Evans and A. Abarbanel (eds)., Academic
Press, San Diego, CA, 2008.

Thatcher, R.W. (2008). EEG Evaluation of Traumatic Brain Injury and EEG Biofeedback
Treatment. In: Introduction to QEEG and Neurofeedback: Advanced Theory and
Applications, T. Budzinsky, H. Budzinsky, J. Evans and A. Abarbanel (eds)., Academic
Press, San Diego, CA.

Thatcher, R.W. (2012). "Handbook of Quantitative Electroencephalography and EEG
Biofeedback"”. Ani publishing, Inc., St. Petersburg, Fl

Thatcher, R.W. Quantitative EEG and EEG Biofeedback/Neurofeedback. In Swartz, et al.
"Biofeedback", in Press 2014.

RW Thatcher and JF Lubar (2014) “Z Score Neurofeedback: Clinical Applications”. Academic
Press, San Diego, CA.

Trudeau, D.L., Anderson, J., Hansen, L.M., Shagalov, D.N., Schmoller, J., Nugent, S. and Barton,
S.(1998). Findings of mild traumatic brain injury in combat veterans with PTSD and a
history of blast concussion, J. Neuropsychiatry Clin Neurosci. 10(3):308-313.

Wolff, T. and Thatcher, R.W. (1990). Cortical reorganization in deaf children. J. of Clinical and

© 2002 - 2015 Applied Neuroscience, Inc.



o

B

//j’ NeuroGuide Manual Appendixes for NeuroGuide Manual 281

Experimental Neuropsychology, 12: 209-221.

van Baal, G. C. (1997). A genetic perspective on the developing brain: EEG indices of neural
functioning in five to seven year old twins. Organization for scientific research (NWO).
The Netherlands: Vrije University Press.

van Baal, G. C.,de Geus, E. J., & Boomsma, D.I. (1998). Genetic influences on EEG coherence in
5-year-old twins. Behavioral Genetics, 28 (1), 9-19.

van Beijsterveldt, C. E., Molenaar, P. C., de Geus, E. J., & Boomsma, D. I. (1996). Heritability of
human brain functioning as assessed by electroencephalography. American Journal of
Human Genetics, 58 (3), 562-573.

van Beijsterveldt, C. E., Molenaar, P. C., de Geus, E. J., & Boomsma, D. I. (1998). Genetic and
environmental influences on EEG coherence. Behavioral Genetics, 28 (6), 443-453.

© 2002 - 2015 Applied Neuroscience, Inc.



NeuroStat

Manual and Tutorial

© 2002 - 2015 Applied Neuroscience, Inc.

Part I I

www.appliedneuroscience.com

(All EEG Selections and/or Sine Wave Segments are for lllustrative Purposes Only)



.

B

NeuroStat Manual 283
7.

NeuroStat Manual & Tutorial

Table of Contents

Introduction to NeuroStat2™

Step 1  Open Demo Lexicor NRS24 *.dat fileD™

Step 2 Create NeuroGuide Analysis Files and Launch NeuroStat

Step 3 Compute Individual Statistics and Select Variables

Absolute Difference

Percent Difference

One Way ANOVA (independent group statistics)
t test (two-tailed) (independent group statistics)

Paired t-Test

Step 4 Comparing Two Different NeuroGuide Analysis Files
Step 5 Save Results as Topographic Maps and Text

Step 6 Compute Group Statistics Using *NGG Files

Descriptive Statistics Means & Standard Deviation

Comparative Statistics

Step 7 Simultaneously Launch Two NeuroGuides and Compare
Step 8 3 Dimensional LORETA: Individual Statistics
Step 9 3 Dimensional LORETA: Group Statistics

Appendix A: Computation of the Auto and Cross-Spectral™

Appendix B: Equations and Statistics®”

© 2002 - 2015 Applied Neuroscience, Inc.



. //
-4

/ NeuroStat Manual 284

Introduction:

NeuroStat is a program that provides statistical comparisons and descriptive statistics of EEG
samples saved as Individual NeuroGuide Analysis Files or *.NGA files. NeuroStat also provides
individual and group parametric statistical tests using the Key Institute LORETA program.
Individual comparison options are independent t-tests, paired t-tests and ANOVA as well as
absolute and percent differences. Individual statistics are used for pre vs post treatment
comparisons or differences between eyes closed and eyes open, etc.

Group comparative statistics may require the use of NeuroBatch®?™ to produce a NeuroGuide
Group Analysis File or *NGG file of the surface EEG Group paired t-tests do not require the use
of NeuroBatch and LORETA statistical analyses do not require the use of NeuroBatch.

Descriptive Group statistics include Means and Standard Deviations and independent t-tests
between Groups (does not assume equal variance or sample sizes). Group statistics are used
to compare different groups of subjects such as 100 ADD children to 100 normal children, etc.
Use NeuroBatch®” to create the *.NGG files before using NeuroStat.

Step 1 In Demo Mode Hold the Left Mouse Button and Click File >
Open > Lexicor NRS24.

Click File > Open > Lexicor > Lexicor NRS-24

......
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Enter identifying subject information, especially age and eye condition and then Click OK.

\;5 Subject Information el )

MName

Subject ID

D ate of Birth

Age Be.00
Gender

Hardednesz

EEG ID @ Eves Clozed
Date of Test Eyes Open
1 Time of Test

Technician

Clinician

Medication

Commentz

Cancel

Depress the left mouse button and select the 1st 40 seconds for demonstration purposes.
Open a 2nd NeuroGuide demo and import the Lexicor file and same subject information and
select the last 40 seconds for demonstration purposes.
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. iﬁi Lewicor NRS-24 Demo . l‘:" | (=5l |—E§_J
Eile Edit View Collection Montage Analysis Report MeuroStat Options Help

Scale U]

. £0.00 FRI-LE WVWMMMW
EdtTme | FP2LE MWWWVMMWW
00400 FI-LE MWWWWWWMWNMWW
Montage F4LE M@WW@WWMM
Deymed *|| ca-LE WWWWVM«WWWMW
Deprmed! 9

Deymedz2 (7| | CH+LE WWWWWWMWW
Discovery & WNWWMW%MMWWW

P3-LE

Digcoveny_19
Fpl-F3C3P3 || P4LE MWWW@WW#WW
Laplacian WWM%MWWWWM

i o LA . 01-LE

iLinkEars i
I p— MWMMVMWWW
LongBP c

; FT-LE WWWWMWWWW
Split Half

T FELE A A, i i TV o A e

TELE [ el g oW st o ool o b et A P ™ 8 o o

[TT]

FET D6z
FP2 085

F3 0.85 TLE o 1, oo b g M o Ay e et
FEOI5 ) ralE | el g St sl e A S Aetant0n on ons 0 s
. TEStHEtEStE_ T&-LE WMWW&WMJMWWMW

ERT D || FaLE WMWWWWMWWWWW
FP2 0.92

R CeLE WWMWWWMWWW
FA037 .|| peiE WWWMmWWWWWM

Dizplay Time 0000 0001 00:02 00:03 0004 00:05 0;
'
B
w

Step 2 Simultaneously View Two NeuroGuides to Compare Pre vs
Post Treatment Effects

Repeat Step #1 and position the 2nd NeuroGuide near the bottom of the computer screen and
the 1st NeuroGuide near the top of the computer screen. Re-size the two NeuroGuides so that
one can view both at the same time.
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& Lexicor NRS-24 Demo E ESHEEE =

File Edit View Collection Montage Analysis Report MeuroStat Optians Help

Scale (V)
= 5000
Edit Tine: FaLE
U] FdLE
Montage CHLE
Deymed
Deymed9
Deymed22
Discovery
Discovery 19
Fp1-F3-C3P3
Laplacian ]

Apsolute Power ' Sq)

FPI-LE
FPZLE

| ceLe
PI-LE
=| P4LE
01-LE

0n-LE
...................... FT-LE
Long-Emersor

LongBP -

Display Time 00-00
= 6

y
Montage | cale
Defaul Al zaim
Deymed
Deymed19 . FEALE
Deymed22 7| P4LE
Discovery

Discaveny_13

. S
N A
FplFaCHPs || 02LE i o I3 20 = E]
Laplacian Fr-LE Frequenoy (H2)
LinkEars Fa.LE 12 Z Seore of Absolute Power
Long-Emersor .
; - WMWWWMWWW
\% S ) . 5

This procedure is valuable because a single mouse click can toggle between two different EEG
records and guide the creation of the NeuroGuide Analysis files. Lets assume that the top
NeuroGuide is a Pre-Treatment EEG and the bottom is a Post-Treatment EEG. In order to
achieve differences it is a good idea to select different segments of the demo EEG file for
comparison.

Step 3 Create NeuroGuide Analysis File. (For Demonstration Purposes
Only)

Create an NeuroGuide Analysis File (*NGA) by clicking NeuroStat > *NGA that are of interest
for comparison purposes.

MeuroStat | Options  Help

| Create Individual Analysis File, {.nga... |

Group Statistics 2
Indracual Statistics »
LORETA Statistics »

Save the .ngafile in the patient's folder and label it Pre-Treatment.nga. Repeat this step for the
lower or 2nd NeuroGuide and save it as Post-Treatment.nga. Toggle Between the Top and
Bottom Window and Repeat Step # 2 to create different NeuroGuide Analysis Files *NGA and
then select aindividual comparative test or compute Pair t-Tests.
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Compute Individual Statistics and Select Variables

In the main NeuroGuide menu, Click NeuroStat > Individual Statistics > Absolute Difference.

ﬂeurnStat| Options  Help

Create Individual Analysis File, {.nga)...
Group Statistics 2

| Individual Statistics *| Absolute Difference... |

LORETA Statistics ¥ Percent Difference...

i o vl b W
ﬁm\/\ww Independent t-Test...
WW/WWW Paired t-Test...

{MW One Way Anava..

= = . s

Here is the list of metrics to include in the statistical analyses. Click OK

& Analysis Options ——
ysis Op

@ Abszalute Power
@ FRelative Power

@ Paower Ratio

@ Amplitude Asymetmy
@ Coherence

@ Phaze Lag

@ Standard Frequency B andz
L] @ 1 Hz Freguency Bandz

In the "Open NeuroGuide Individual Analysis File 1", Navigate to where you saved the Pre-
Treatment.nga file and double click on it. Then double click on the Post-Treatment file when
the "Open NeuroGuide Individual Analysis File 2".
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"4 Analysis Output Wind P
File Edit

Montage: LinkEars Pre-Treatment.nga - Post-treatment.nga

FFT Absolute Power Difference (uV Sq)

Delta (1.0 - 4.0 Hz) Theta (4.0 - 8.0 Hz) Mlpha (3.0 - 12.0Hz) Beta (12.0 - 25.0 Hz)

G0 an 5.0

High Beta (25.0 - 30.0 Hz)

-0.024 0.000 0.0z24

Alpha 2 (10.0-12.0Hz) Beta1 (12.0-15.0Hz) Beta 2 (150 - 18.0 Hz) Beta 3 (150 - 25.0 Hz)

N A A& £ 4

Interpretation of Absolute Differences is based on the order of the file names in the upper right
corner of the Analysis Output Window. For example, if Pre-Treatment is larger than Post-
Treatment the color = Red. If Postis larger than Pre then the color =Blue. Thatis,if A > B then
the coloris Red. If B > Athen the color is Blue.

Click File > Save > Bitmap and then navigate to the patient's folder and create a sub-folder and
label it NeuroStat Bitmap Abs. diff. Open the folder name the file abs and click OK to save all of
the bitmaps. To save the tab delimited raw values click File > Save > Tab Delimited Text.

Repeat this exercise but select Percent Difference. It is a good idea to 1st compute either
Absolute Difference or Percent Difference before computing individual statistics because one
needs to know the direction of significant differences.

Compute Paired t-Tests or Independent t-Tests or ANOVA depending on what you want to do.
Here is an example of a Paired t-Test.
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g‘ﬁi Analysis Qutput Window
Eile Edit

Mantage: LinkEars Pre-Treatment.nga - Post-treatment.nga

FFT Absolute Power Paired t-Test (P-Value)

Defta (1.0 - 4.0 Hz) Theta (4.0 - 8.0 Hz] Alpha (8.0 - 12.0 Hz) Beta (12.0 - 25.0 Hz)

Alpha 2 (10.0-12.0 Hz) Beta 1 (12.0 - 15.0 Hz) Beta 2 (15.0 - 18.0 Hz) Beta 3 (15.0 - 25.0 Hz)

The P values range from 0.0001 to 0.06 in the display. The color scale shows the magnitude of
the P values where White is > 0.06. Click Save > Tab Delimited Text to save the raw P values
and then open the tab delimited file using Microsoft Excel or Word to see the exact P values.
Repeat this test for independent t-tests and ANOVA.

Adjust the Scales of the Color Topographic Maps by clicking Report > Color Map Settings. In
the Report Options panel select Automatic Individual Scaling where the minimum and
maximum range is set for each individual map or Automatic Global Scaling where the min and
max are computed for all maps or Manual Scaling in which the user sets the min and max.
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§
¢ Report Options

{ Raw Score IZ Score | General |

Absolute Power Color Maps
Scale within individual Maps | & Automatic Individual Scaling
Scale Maps Globally L& Automatic Global Scaling
Scale Maps Manually — Manual Global Scaling

Relative Power and Power Ratio Color Maps

(¢ Automatic Individual Scaling
(" Automatic Global Scaling

{" Manual Global Scaling

There are two categories of group statistics. One is Group Paired t-Tests and the 2nd is
Independent Group statistics. Group Paired t-Tests can use the individual statistic *.nga files
described by Step #3. The 2nd method does not use *.nga files and instead one must create
*.ngg files based on the individual .nga files.

Group Paired t-Tests

Create the Individual Analysis Files for each subject that comprises each group. Save the

*.nga files for group one in one folder and for group two in a 2nd folder. Then click NeuroStat
> Group Statistics > Comparative > Paired t-Test
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MeuroStat | Options  Help

Create Indrvicdual Analysis File, {.nga)... M
| Group Statistics *  Descriptive b W
— - & ey =

Indivicual Statistics » | Comparative B Absolute Difference...

LORETA Statistics T R s

T A e
MMWWWW Independent t-Test..,

Paired t-Test... |

Bercent Difference...

al L .~ . [, |

In the Group Paired t-Test panel click the top Browse button and then navigate to the folder
when you saved the *.nga files for group one. Then click the bottom Browse button and
navigate to the folder where you saved the *.nga files for group two. Click the Match Subject
ID button to order the subject ID for the two groups because Paired t-Tests require that the
same subject be test two times and subject ids must be aligned correctly. Then click the ADD
button to add the matched subjects to the list of Matched Individual Analysis File Pairs. Click
the Remove button if you want to remove a subject or pair. Once all the subjects are matched
then click OK to start the statistical analyses.

iﬁa Group Paired t-Test [&J

Group 1 Individual Analysis Files b atched Individual Analyziz File Pairs

Browse. ..

Group 2 Individual Analysis Files

Browse. ..

|Match5ut.iectm| | fdd | | Remove |

Ok | Cancel |

Step 6 Compute Group Statistics After Creating NeuroGuide Group
Analysis Files (*.NGG) using NeuroBatch
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Click Analysis > NeuroBatch and read the NeuroBatch manual which gives the step by step
procedure to create Group Analysis Files *NGG. NGG files are the input to the Group Statistics
component of NeuroStat where NeuroBatch is used to create the group means and standard
deviation values, etc. which are then utilized in NeuroStat.

NeuroStat imports the *NGG files created by NeuroBatch and then computes the group
statistics and color topographic displays and tab delimited outputs. NeuroBatch is required
for NeuroStat group statistics only. Individual comparative statistics such as Pre-Treatment vs.
Post-Treatment comparisons and Paired t-Tests do not require NeuroBatch.

iﬁa NeuroGuide Batch Analysis

|nput File Parameters

|mput File Format

i MeuroGuide
riverzity of barland [ raw)
Cadwell Eazy EEG

s

[rput Drirechary

[rput File E stention

Montage Parameters
Additional Montage Information Required
kontage

el !
AT 21
AyveRef -

Age Parameters
Additional Age Information B equired
Age Databasze Test File Mame

Output Parameters

Output Process

Browse...

Browse. ..

i Generate Sublect Reports
Create Individual Analysiz Files
Create Group Analyziz File

[y

Optionz. ..

Edit Parameters

Additional Edit Information Required
Select Al EEG Time Points Automatic Editing

Edit File Format

Meurouide
LMD
Spectum 32 Index File -

Edit Drirecton

Browsze. ..

Edit Filz E stention

Eyes Condition Parameters
Additional Eyes Condition Information Regquired

Eyes Clozed Eyez Open

Batch Analysis bonitor

Cloge

Click Statistics > Group Statistics > Descriptive > Mean or Standard Deviation and then

navigate to where you saved the *.ngg file using NeuroStat to view these statistics.

The

NeuroStat options are the same for the Individual Analysis Comparative Statistics. See Step #4
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Adjust the Scales of the Color Topographic Maps by clicking Report > Color Map Settings. In
the Report Options panel select Automatic Individual Scaling where the minimum and
maximum range is set for each individual map or Automatic Global Scaling where the min and
max are computed for all maps or Manual Scaling in which the user sets the min and max.

o

¢ Report Options

............................. "

[ Haw Score )| Z Score | General |

Absolute Power Color Maps

Scale within individual Maps | { Automatic Individual Scaling
Scale Maps Globally L& Automatic Global Scaling
Scale Maps Manually # Manual Global Scaling

Relative Power and Power Ratio Color Maps

(¢ Automatic Individual Scaling
" Automatic Global Scaling

{~ Manual Global Scaling

Step 7 3-Dimensional LORETA: Individual Statistics

Follow Steps #1 and #2 and open two NeuroGuides and position them on the top and bottom
of the display screen. Click Statistics > LORETA Statistics > Individual Analysis File Options
and select LE and Raw LORETA Values. Either raw or Z Scores can be used in LORETA
statistics. Then click NeuroStat > Create LORETA Individual Anlaysis File (.lia) and save the .lia

file in the subject's folder as Pre-Treatment.ila. Do the same for the 2nd LORETA and save the
Jia file as Post-Treatment.ila
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MeuroStat | Options  Help
Create Individual Analysis File, {.nga)...
Group Statistics ] F B
Indiviclual Statistics r

| LORETA Statistic | LORETA Indivicdual Analysis File Options C |

MW AVE Create LORETA Individual Analysis File, (lia)...

mmm v Raw LORETA Values Create LORETA Group Analysis File, (1ga)...

Z LORETA Values Statistics Options v
\JVMWJ\N“WW YA Individual Statistics [
VM\%‘WU\%“WMW Group Statistics k

A A A JT ik

Click NeuroStat > LORETA Statisatics > Statistics Options and make sure that T or F values
are selected. This is because the LORETA viewer does is not capable of display differences
between small P values. The T or F values are larger and easier to see in the LORETA viewer.
To determine statistical significance of T or F values consult a standard statistical text book
with tables of T or F values and then calculate the degrees of freedom to determine the level of
statistical significance. Two second epochs are used in the FFT and therefore the degrees of
freedom are the total number of two seconds epochs minus 2. For example, two 40 second
samples of data = (20 + 20) - 2 =38 df.

ﬂeurn'Stat| Options  Help
Create Individual Analysis File, (.nga)...
Group Statistics » F B
Indiviclual Statistics »

| LORETA Statistics ¥ LORETA Individual Analysis File Options C
Create LORETA Individual Analysis File, {.lia)...

J\IWWWW% Create LORETA Group Analysis File, {Igal..
wh, [ i A

- ENLY

¥ Values Statistics Options 3 |

‘“‘P ¥ T ar F Values Indiviclual Statistics 3

w G Statisti 4
Mon-Transformed Raw Values “‘T'-:f:'fu atisties

Nir ¥ Square Root Transformed Raw Values MMJ i

W e

Click NeuroStat > LORETA Statistics > Individual Statistics > Comparative > Percent Difference.
Double click the Pre-Treatment.lia in the Open LORETA Individual Analysis File 1 window.
Then Double click Post-Treatment.lia in the Open LORETA Individual Analysis File 2 window.

A Save LORETA Statistics window will open so that one can save the results of the analysis in
an ASCII *.lor format for purposes of importing into Excel or for use with the Key Institute
software, etc. For purposes of this tutorial click Cancel to proceed to the computation of the
statistic.
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After the Key Institute software is launched, click ScaleWin on the Key Institute menu bar and
position the color scale window in the lower left corner of the screen. Then advance through
the frequencies by clicking the Time Frame right arrow to examine the percent differences
between the o to 30 seconds of EEG versus the period from 10 seconds to 40 seconds of the
EEG. Note that the maximum percent difference varies from about 30% at 1 Hz to about 9 % at
9 Hz.

Now click Statistics > LORETA Statistics > Individual Statistics > Comparative > Paired t-Test.
Double click the Pre-Treatment.ilain the Open LORETA Individual Analysis File 1 window. Do
the same for the Post-Treatment.ila in the Open LORETA Individual Analysis File 2 window.
Click cancel when the Save LORETA Statistics window opens.

After the Key Institute software is launched, click ScaleWin on the Key Institute menu bar and
position the color scale window in the lower left corner of the screen. Move the Change
Linearity wiper to the extreme right position or 100. For the moment keep the Change Max
wiper in the default middle position so that the maximal probability values will be displayed.
To evaluate statistical significance move the change max wiper to 1.0 and check the Fix
Maximum box. Move the mouse over the regions of interest and read the t or F values in the
window at the bottom right of the viewer.  Advance through the frequencies by clicking the
Time Frame right arrow. Use a standard statistics table to determine the level of statistical
significance based on the degrees of freedom. Repeat these steps by selecting a different
statistic, such as Independent t-Tests or ANOVA. Also, evaluate the descriptive statistic option
by clicking Statistics > LORETA Statistics > Individual Statistics > Descriptive to evaluate
single *.lia files.

3-Dimensional LORETA: Group Statistics

Launch NeuroGuide and open the Demo Lexicor NRS-24 file. Select the first 0 to 30 seconds
and then click Statistics > LORETA Statistics > Create LORETA Individual Analysis File (*.lia).
Name the file as Beginningl.lia and then save.

Click Edit > Clear Selections and then depress the left mouse button and select EEG starting at
10 seconds and continuous to 40 seconds. Then click Statistics >LORETA Statistics > Create
LORETA Individual Analysis File (*.lia). Name the file as BeginningZ2.lia and then save.

Click Edit > Clear All Selections and then click the End Key. Position the mouse on the last
EEG values and depress the left mouse button and select EEG starting at 3.48 seconds and
move the mouse to the right and stop at 3:18 seconds. Then click Statistics > LORETA
Statistics > Create LORETA Individual Analysis File (*.lia). Name the file as End1l.lia and then
save.
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Click Statistics > LORETA Statistics > Create LORETA Group Analysis File (*.Iga). In the
LORETA Group Analysis File Creation window Click browse to browse to the folder where the
individual analysis files were saved (i.e., the *.lia files) and click Done.

In the LORETA Group Analysis File Creation window click the file Beginingl.lia and click Add.
Then click the file Beginning2.lia and click Add. Then Click O.K. In the Save LORETA Group
Analysis Output File As name the Group file Beginning.lga.

Now let us create the second group file. Click Statistics > LORETA Statistics > Create
LORETA Group Analysis File (*.Iga). In the LORETA Group Analysis File Creation window
Click browse to browse to the folder where the individual analysis files were saved (i.e., the *.lia
files) and click Done.

In the LORETA Group Analysis File Creation window click the file End1.lia and click Add. Then
click the file End2.lia and click Add. Then Click O.K. In the Save LORETA Group Analysis
Output File As name the Group file End.lga.

Click Statistics > LORETA Statistics > Statistics Options in order to select P values or T values
as well as the non-transformed raw values (squared source current vectors (square root of the
sum of squares of the X, y & z moments) or the square root transformed raw values which will
return source current values in units of amperes/meter squared.

Click Statistics > LORETA Statistics > Group Statistics > Comparative > Paired t-test. Select
by double clicking the file Beginning.lga, then double click on the file End.lga. A Save
LORETA Statistics window will open so that one can save the results of the analysis in an
ASCII *lor format for purposes of importing into Excel or for use with the Key Institute
software, etc. For purposes of this tutorial click Cancel to proceed to the computation of the
statistic.

After the Key Institute software is launched, click ScaleWin on the Key Institute menu bar and
position the color scale window in the lower left corner of the screen. Move the Change
Linearity wiper to the extreme right position or 100. For the moment keep the Change Max
wiper in the default middle position so that the maximal probability values will be displayed.
To evaluate statistical significance move the change max wiper to 1.0 and check the Fix
Maximum box. Move the mouse over the regions of interest and read the t or F values in the
window at the bottom right of the viewer. Use a standard statistics table to determine the level
of statistical significance based on the degrees of freedom. Advance through the frequencies
by clicking the Time Frame. Repeat these steps by selecting a different statistic, such as
independent t-tests. Also, evaluate the descriptive statistic option by clicking Statistics >
LORETA Statistics > Group Statistics > Descriptive to evaluate single *.Igafiles.
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Appendix A: Computation of the Auto-spectral and Cross-spectral Densities of
the Edited EEG Selections

1. The FFT parameters are: epoch = 2 seconds at a sample rate of 128 sample/sec = 256
digital time points and a frequency range from 0.5 to 40 Hz at a resolution of 0.5 Hz
using a cosine taper window to minimize leakage. Each 2 second FFT is 81 rows
(frequencies 0 to 40 Hz) X 19 columns (electrode locations) = 1,539 element cross-
spectral matrix for each subject.

2. In order to minimize the effects of windowing in the FFT (Kaiser and Sterman, J.
Neurotherapy, 4(3): 85-92, 2001) a EEG sliding average of the 256 point FFT cross-
spectral matrix was computed for each normal subjects edited EEG by advancing in 64
point steps (75% overlap) and recomputing the FFT and continuing with the 64 point
sliding window of 256 point FFT cross-spectrum for the entire edited EEG record. Each
of the 81 frequencies for each 19 channels is Iog10 transformed to better approximate a

normal distribution. The total number of 2 second windows is the number that is
entered into the analysis of variance and t-tests and it is used to compute the degrees of
freedom for a given statistical test.

3. A mean, variance, standard deviation, sum of squares, and squared sum of the real
(cosine) and imaginary (sine) coefficients of the cross-spectral matrix is computed
across the sliding average of edited EEG for all 19 leads for the total number of 81 and
1,539 log transformed elements for each subject. This creates the following six basic
spectral measurement sets and their derivatives 1- Cross-Spectral Power (square root of
the sums of squares of the real and imaginary coefficients); 2- Auto-Spectral Power
which is the diagonal of the cross-spectral matrix where the imaginary coefficient = 0
and power = sine square; 3- Coherence = square of the cross-spectrum divided by the
product of the two auto-spectra; 4- Phase = arctangent of the ratio of the real/imaginary
components for frequencies from 0.5 to 40 Hz, 5- Real coefficients; 6 Imaginary
coefficients.

4. The results of the computations are stored in the NeuroGuide Analysis File, designated
as *NGA. These results are used in the comparative statistical analyses when one
selects and opens the .NGA files in the menu operation of Statistics>Comparative
Statistics. Calibration of NeuroStat is by computing the statistics contained in the NRS-
24 demo sample of EEG from an unidentified traumatic brain injured patient.

5. Theresults of the LORETA computations from a single selection of EEG are stored in a
LORETA individual analysis file *.LIA. The .lia file contains all of the cross-spectral
values for each 2 second epoch so that the means and standard deviations, higher
statistical moments and sum of squares, etc. can be computed for each gray matter pixel
in the Montreal Neurological normative MRI. Details of the computation of the T matrix
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and the J currents as the square root of the sum of the squares (x,y & z) is described in
Appendix F in the NeuroGuide manual. The mathematics for the LORETA statistics are
identical to the surface EEG statistics except there is a larger number of individual
comparisons (2,393) in comparison to the surface 19 channel situation.

6. Thisissue of multiple comparisons when using LORETA is best handled by the statistics
of "Planned Comparisons” or where one first creates hypotheses as to frequencies and
Brodmann Areas before launching LORETA. For example, if the surface EEG at F3 is > 2
standard deviations deviant from normal at 4 Hz, then the hypothesis prior to launching
LORETA is significant deviations from normal in left Broadmann Areas 8 & 9 at 4 Hz.
Bonferroni corrections (i.e., alpha/n) are blind exploratory adjustments and result in large
Type ll errors. Hypothesis testing is preferred over multiple comparison adjustments.

Appendix B: Equations and Statistics

1. Absolute Differences: Mean test 1 Mean Test 2 for 19 channels and 81 frequencies or in the case of
LORETA for 2,394 gray matter pixels from 1 to 30 Hz in 1 Hz increments (by averaging 0.5 Hz bands).

2. Percent Differences:

1| <l

tesfl Ei"esﬂ 100

+ &

testl Testd

where X bar = mean

3. Independent t test (Assuming Population Variance Not Equal) (from Winer, R.J., Statistical Principles
in Experimental Design, McGraw-Hill, New York, 1962, p. 42 43):

(‘?1_‘?2)_(”1 _uz)
F=
V/(Sf/n1)+ (53 /n,

hypothesis P <.025.

, To test the hypothesis that ul-u2 = 0 against a two-tailed alternative

4. Paired t-test (from Winer, R.J., Statistical Principles in Experimental Design, McGraw-Hill, New York,
1962, p. 44 46):

d _(ul_uz)

2
e in

‘”( where the mean differences between test 1 and test 2 and the variance of the
differences and n = number of FFT windows in test 1 + test 2.

f=
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5. One Way Analysis of Variance (from Hayes,

W.J. Statistics for the Social Sciences, Holt, Rinehart

and Winston, Inc., New York, 1973, p. 473-475):

1| >

testl ‘?J"e_sﬂ I].DD

testl

+ &

Testd

Sum of squares total (SS total) =

(*’?1_‘?2)_(”1 _uz)
F=
'\l/(gf/n1)+ (53 /m,

Sum of squares within (SS within) =

Sum of squares between (SS between) =

d _(ul_uﬂ)

Jsafn

f=

Where M = mean and j = number of groups to be compared, i.e., j = 2 and i = number of FFT
windows in both test 1 and test 2. Degrees of freedom =J -1 and i - 2 and F = Mean square

between groups/mean square within
and i - 2 degrees of freedom.

groups. Probability is computed using the F based on 1

6. Repeated Measures Analysis of Variance (from Hayes, W.J. Statistics for the Social Sciences, Hol,

Rinehart and Winston, Inc., New York, 1973,

Sum of squares between (SS between) =

Sum of squares within (SS within) =

Sum of squares between treatments

p.571-573):
> (- M)
2 20y M)
: _ (-}’H - M:‘)z

SS residual SS within SS between treatments.  J = number of groups (2) and n = number of

FFT windows in both test 1 and test

2. The degrees of freedom are 1 and n- 2.

7. Covariance, Correlation and R2 (from Winer, R.J., Statistical Principles in Experimental Design,

McGraw-Hill, New York, 1962, p. 44 52):
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L=ny X -(Tx) and I, =x3 % - (25’
L,=n2 XiX, - XN X,) = Covariance

E'12
Ji L, = Correlation

a =

= R2 or the percent variance shared by test 1 and test 2
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INTRODUCTION

NeuroBatch is a program that provides for automatic processing of large numbers of edited
EEG files in batch mode. Color topographic maps and tab delimited output is provided for
each edited EEG file as well as NeuroGuide Analysis files that can be imported into NeuroStat
for the purposes of individual and group statistics. NeuroStat is an independent software
program which does not rely upon NeuroBatch except for the creation of Group Analysis Files
(*NGG) that NeuroStat uses to compute group statistics.

Step #1 Organize the EEG Files to be Used in the Batch Process:

la - Create a Batch Input Folder and then copy and paste the *.ng or *.dat files that you want to
process into this folder.

1b - If Group Statistics are planned then individual group folders must be created so that each
folder contains only the selected subjects for a given group, e.g., ADD children or Alzheimer’s
patients, or Stroke patients, normal control subjects, etc.

1c - If age has not been specified in the NeuroGuide *.ng or in the *.dat files, then one must
create a text file using word or notepad that lists the EEG file names and the ages that
correspond to each file. The best method is to use the NeuroGuide *.ng files with age entered
in each *.ng file because one can skip this step and go directly to Step # 2.

1d - NeuroBatch assumes artifact free edited EEG files in which all of the EEG data has been
selected by a competent person and/or visually verified including the use of test re-test
statistics. The competence of the professional is a critical factor in all statistical analyses and
NeuroGuide requires a competent operator to select and organize the EEG files in a correct
manner. If one does not use *.ng files, then one must specify the artifact free edit files that are
to be used in the batch program. It is unethical to intentionally select artifact and then do
analyses on the data without full disclosure that artifact was intentionally selected. Make a
folder and then copy and paste each of the subject’s artifact free *.edt EEG edit files for each
analyzed EEG which were produced by clicking Edit >Save Edit file in the main NeuroGuide
menu. As stated previously the best method is to use the NeuroGuide *.ng files because one
can skip step 1c and go directly to Step # 2.

Click Analysis > NeuroBatch to open the NeuroBatch panel. Automatic
batch analysis of hundreds artifact free EEG data files is the mission of
NeuroBatch. One must specify the file format, file location, Montage,
Edits (cannot run NeuroBatch without valid selections of artifact free
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EEG - see Artifact Free Selection™ in the NeuroGuide Manual).

Use the NeuroGuide Batch Analysis Window to Process the EEG files that were organized in
Step #1

" NeuroGuide Batch Analysis

_ Input File Parameters _ Edit Parameters
Input File Format ("  Addtional Edit Information Reguired
Heumiuide ; ST e e
LE:'jCl:lr NHS'Ei j { B LT e R
GQMND Tampa Headbox | Eed Bl Foaag
Input Directany :

l Browse... |

Input File Extention

_ Montage Parameters

¢ Additional Montage Information Required

_ Byes Condition Parameters

i
o8 dditional Eves Condition Information Fequired:
e 8 Eyes Closed " Eyes Open
— Age Parameters Batch Analysis Monitor
" Additional Age Information Reguired 3
o Diiebaien Fand Se B
_ Output Parameters
Cutput Process
Generate Subiect Reports *j Options... | ~ .l-l
Credte Individual Analysis Files
Create Group Analysis File | Bun Cancel |

Step # 2b - Select Input File Format by clicking on NeuroGuide for the *.ng format or Lexicor
NRS-24 for the Lexicor *.dat format (DeyMed, Mitsar and NeuroNavagator all export EEG time
series in the Lexicor *.dat format).

Step # 2c - Click Input Directory and then Click "Browse". Browse to the input folder that
contains the *.dat and/or *.ng files as was organized in Step #1a.
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Step #2d - Type ng or dat for the Input File Extension

Step # 2e - The montage parameter (Linked Ears, Average Reference, Laplacian or CSD) is
contained in the *.ng file and the Montage Parameter panel can be by-passed if one does not
want to change the Montage. If a *.dat file was selected in Step #2c then one must select a
Montage Parameter such as Linked Ears, Average Reference or Laplacian (i.e., Current Source
Density or CSD). If one wants to change the Montage of a *.ng file from e.g., Linked Ears to
Laplacian, then click the "Additional Montage Information is Required" button and then click
Laplacian montage.

Step #2f - Select Output Parameters that are the processes that one wants performed on the
files contained in Step #1.

Step 2g - Click "Report Generation" to produce topographic maps and tab delimited outputs
which are the same as those produced in NeuroGuide Deluxe "Report>Generate Report" by
hand. That is, NeuroBatch automates the NeuroGuide Deluxe "r;Report>Generate Report”
process for each subject in the folder. A subfolder will be produced within each subject’'s
folder in which the bitmaps and text files are saved.

Click "Individual File Creation" to produce NeuroGuide Individual Analysis Files (*.NGA) that
can be used by NeuroStat for the purposes of Pre-Treatment vs Post-Treatment, or Pre-
medication vs. Post-medication comparisons in the same subject. Repeated measures
analysis of variance and Paired t-Tests as well as absolute differences and percent differences
are the statistical tests performed on *.NGA files in NeuroStat (see the NeuroStat Manual®™ for
details).

Click "Group Statistics" to produce NeuroGuide Group Analysis Files (*NGG) that can be used
by NeuroStat for purposes of comparing groups of subjects and not individual subjects.
Examples are a group of ADD children vs. a group of Normal children or a group of Alzheimer
Patients vs. a group of depressed patients, etc. The user must follow Step # 1b before
selecting "Group Statistics”. Correct selection and organization of groups by a competent
person is necessary in order to obtain valid statistical results.

Step # 2h - Select Additional Edit Information or Edit Parameters (Skip this step if you use
edited *.ng files).

Step # 2i - Select Additional Eyes Condition Information (Skip this step if you use edited *.ng
files with the eyes open & closed conditions specified)
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Step #3 Repeat Step # 2 to Process different Montages

3a - Parameters and/or Different Output

3b - and/or Different Edit Selections

Step #4 Individual Statistics and NeuroStat
4a - In NeuroBatch step # 2g Select Individual Analysis File (*.NGA).
4b - Click Statistics > Individual Statistics. Select the type of statistical comparison, e.g., for

absolute differences, percent differences, Paired t-Test, Individual t-Test and ANOVA for
comparisons between two individual NGA files. See the NeuroStat Manual for details.

Step #5 Group Statistics and NeuroStat

5a - In NeuroBatch Step #2f select Group Analysis File (*NGG) . and proceed to the end of Step
#2.

5b - Click Statistics > Group Statistics for t-Test group statistics. See the NeuroStat Manual®™
for details
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Signal Generator Manual & Tutorial
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Introduction:

The signal generator is used to calibrate and test the digital signal processing properties of
NeuroGuide as well as to serve as an educational program by which the principles of digital
signal analyses can be learned and explored. Concepts such as frequency, time, phase
delays, noise, amplitude and coherence can be tested and evaluated. EEG data can be
simulated by approximating the selected mixtures of signals to match the signal parameters
and scalp locations of the EEG.

Note: Sine Wave Segments were Selected for Illustrative Purposes Only
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Step #1

Click File > Open > Signal Generation

Select an peak-to-peak
Ampitude uV

Launch NeuroGuide; and

Select a

Select a sample rate —

Add noise
Select a Pulse ————

Cominol pulse duration—

Go!li'nlimr-plse—.

4 Signal Generation

Sampiing Rate
128
Signal Nolsa V)
4 0.00
T Plize
...-\. I .\.:.'_'
I ]
Al_-_—.

Signal Waveform

Sigrial Parametbrs by Freguancy

Ampltude (V) | Phass Shit Deg) [
0 Hz 0.00 0.00
1Hz 0.00 0.00
2 Ha 0.00 0.00
3 Hz 000 0.00
4 Hz 0.00 0.00
£ Hz 0.0 0.00
E Hz 0.0C 0.00
7 Hz 0.00 0,001
£ Hz 0.00 0.00
4 Hz 0.00 0.00
10 Hz 0.00 0.00
11 Hz 0.00 0.00
12 He 0.00 0.00
13 Hr 0.00 0.00
14 Hr 0.00 0.00
15 Hz 0.00 0.0g
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Use the Mouse to Select:
EEG Channels;
Waveforms (sine, sawthooth, square and pulses);
Frequencies (1 to 30 Hz);
Amplitudes (uV)
Phase Delays (degrees); and
"Noise" (% S/N ratio)
T iy Cateaton S
_,ﬁmgnnn Generation _

Select a3 wavelom ———

Select a sample rate——#1;:

Select 3 Pulsp ———» © Fuse

Signal Parametbrs by Frequency

Aprpitisge U] Phasa Shet Dag)

1Hz
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Signal Waveform
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2a - Click a channel to select a location in Lexicor format (e.g., O1), then double click a
Frequency (e.g., 10 Hz), then double click Amplitude (uV) and type in a value (e.g., 100 uV).

2b - Mix sine waves in by double clicking the amplitude of a different frequency, e.g., 5 Hz and
type 50 uV.

2c - Shift the Phase of the 5 Hz signal by double clicking "Phase Shift (Deg)" at 5 Hz and type
30.

2d - Add "Noise" to the 5 Hz signal by double clicking the window below "Signal Noise (uV)"
and type 100. This adds 100 microvolts of noise to the 5 Hz signal located at O1.

2e - Repeat Steps 2ato 2d for each channel with or without adding phase delays and/or noise
or multiple frequencies, etc. Unselect any value by double clicking in the appropriate box and
set the value = 0. The Channel is the primary selection and then the amplitude, frequency or
mixtures of frequencies and phases and noise are the secondary selections.

Step #3 Simulate EEG "Spindles" by selecting pulse and then select
the frequency and amplitude of the intra-pulse structure,
duration and inter-pulse intervals of the simulated spindles.

3a - Generate Pulses of different durations and inter-pulse intervals. Use this tool to simulate
EEG "Spindles".
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Simulaie EEG “Spindies’ using the Pulse option in the Signal Generator
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= \ el PRI T
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e |/‘ Ui | H ||||.-' T
l] 11 )
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== | " gl t ‘h :
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3b - Simulate any EEG by comparing the auto and cross-spectral values and then entering
these values into the appropriate channels and appropriate parameter selection locations.

Use the Signal Generator feature of NeuroGuide to learn about digital signal processing in
general as well as various analytical programs including LORETA and other inverse solutions.

Step #4

Step #5

Click OK, then Click Edit > Select All to view FFT results

Click File > Save As to Save the signals in NeuroGuide or
Lexicor format (*.ng or *.dat).

Step 5a - Follow the NeuroGuide Manual Instructions to Save As NeuroGuide (*.ng) or Lexicor

(*.dat) files.
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Step 5b - Follow the NeuroGuide Manual Instructions to save Power Spectra and Cross-
Spectra and to Export to LORETA in the NeuroGuide Manual).

Step #6 Example Tutorial by replicating the publication: Gomez and
Thatcher "Frequency domain equivalence between
potentials and currents using LORETA." Int. J. of
Neuroscience, 107: 161-171, 2001.

6a - Select Ol at 10 Hz at 50 uV and 20 Hz at 25 uV

6b - Select O2 at 8 Hz 50 uV and 16 Hz at 25 uV

6Cc - Select F7 at 10 Hz 25 uV and 20 Hz at 50 uV

6d - Select F8 at 8 Hz 25 uV and 16 Hz at 16 uV

6e - Click OK and then click File > Save As NeuroGuide (*.ng) or Lexicor (*.dat) for purposes of

further analysis. For example, save the power spectra and/or export the digital time series to
LORETA.

Appendixes for the Signal Generator Manual

Appendix A: LORETAPR™

Appendix B: Mathematics of Gomez and Thatcher, 20010*

Appendix C: References
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APPENDIX A: LORETA

Gomez and Thatcher, 2001 used the Key Institute mathematical equations to validate LORETA
and cross-validated their math by comparing the forward solution and the inverse solution
using MRI 3-D voxel locations and the surface scalp EEG currents and potentials (Based on
the Reciprocity Theorum, Helmholtz, 1853). The results of the Gomez and Thatcher, 2001
study is also consistent with Tesche, C. and Kajola, M. "comparison of the localization of
spontaneous neuromagnetic activity in the frequency and time domains."
Electroencephalography and Clin. Neurophysiology, 87(6): 408-416, 1993.

One can test the facts and the science of LORETA for themselves using the NeuroGuide signal
generator and the Gomez and Thatcher, 2001 frequencies and locations which is only one of
several tools available to test LORETA (see Appendix B and C) not to mention the mathematical
concepts of linearity between frequency and time and between electrical potentials and
currents (Helmholtz, 1853 physics of "Reciprocity” and the "Lead Field", Malmivuo and
Plonsey, 1995).

It makes no difference whether one exports signals in the time domain or in the frequency
domain (as demonstrated in the Gomez & Thatcher, 2001 and the Tesche et al, 1993
publications as well as by mathematical simulation in step # 5). Caution must be exercised
when using LORETA to be sure to physiologically validate using the surface linked ears,
average reference and current source density data. This is not to indicate that LORETA is not a
valid mathematical and scientific methodology, to the contrary, it is an important contribution.
We are emphasizing the fact that LORETA is valid when used by competent professionals who
take the time to validate the source solutions by evaluating the surface EEG distributions and
physiology in order to guard against localization error. For example, scalp recorded EEG with
large amplitude alphain O1 and O2 should appear as high current density in areas 17, 18 & 19
in LORETA.
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APPENDIX B: Mathematics and Results of Gomez & Thatcher, 2001

Note: There are three instances when multiplication of matrices is communtative: 1- by a null
matrix, 2- by an identity matrix and, 3- multiplication by a scalar.

We apply this communtative property in the following manner.

For S = KJ, where K is the lead field matrix, J = current and S = the sensitivity of the sensors
(depending on the model used and the conductivity, etc.). S is an N x W matrix for the scalp
potentials (EEG/MEG), where N is the number of sensors and W is the number of time samples.
Jis a 3M x W matrix, where M is the number of sources and W is the same time samples as for
S. Then the inverse solution is a linear combination of the signal S in the sensors

J=T-S Eq.1
Where T is some generalized inverse of K, where the minimum norm solution is
T=(pinv(K’' - K =K)) =K’ Eqg. 2

K’ is the transpose of K, and - represents matrix multiplication and pinv(X) is the Moore-
Penrose pseudoinverse (Menke, 1984). Pascual-Marqui et al, 1994 use the mathematical
method that they refer to as "Low-Resolution Computed Tomography" (LORETA) to add
physiological foundations and to avoid the minimum norms’s problems in localizing deep
sources by using the Laplacian Operator B and W as a weighting matrix. The LORETA
equation is

T = {pinv(WB’BW)}K'[pinv(K inv(WB’BW)K'} Eq.3

The critical factor in these considerations is that the real number FFT computed by the cross-
spectrum (Hermitian matrix as a scalar real number) as represented in equation 1 is a linear
operator such that for any inverse solution of the form in equation 3 is equivalent to:

FFTQ)=FFT[T-S]=T - FFT[S] Eq. 4

Equation 5 is the formula that Gomez and Thatcher (2001) used. Gomez and Thatcher (2001)
simulated the linear equivalence by a combination of sine waves and confirmed the linearity of
equation 5 as any one can do by using the NeuroGuide signal generator as described in step #
5 for oneself.

Figure 1 - From Gomez & Thatcher, 2001. This is the three-shell spherical model of the head
used to simulate LORETA. Four electrodes (F7, F8, O1, O2) and the reference electrode (Al) are
indicated by black rectangles. The coordinates of the electrodes are according to the best-
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fitting sphere relative to cortical anatomy (Towel et al., 1993). The peaks of beta (for F7 and F8)
and alpha activity (for O1 and O2) are indicated in parenthesis. Eight sources (1 to 3) indicated
by black circles were located in the interior of the sphere to represent the equivalent current
sources such as in the gray matter.

®  sources
¥ {cm) I Elcctrodes

8.8 —— F7 (10Hz & 20Hz) F8 (8Hz &16Hz)

0.0 +—

Al

88 01 (10Hz & 20Hz) 02 (8Hz & 16Hz)

i | | X (em)
| 1 1
8.8 0.0 LR

FIGURE | The three-Shell spherical model of the head used (o simulate LORETA
Four electrodes (F7 F& O1 O2) and the reference electrode (Al) are indicated by black
rectangles. The coordinates of the electrodes are according to the besi-fitting spherc
relative to cortical anatomy (Towel er al, 1993), The peaks of beta ( for F7 and F8) and
alpha activity (for 1 and 02) are indicated in parenthesis. Eight sources (1 to 8)
indicated by black circles were located in the interior of the sphere to represent the
equivalent current sources such as in the gray matter.

Figure 2 - From Gomez & Thatcher, 2001. Power spectrum of the signals used to simulate
LORETA. The spectrum of the signals in the scalp electrodes is shown on the left (amplitude of
beta is higher in the anterior regions, alpha amplitude is higher in the posterior regions and a
frequency shift toward the lower frequencies in the right hemisphere). The center and right
columns are the spectra of the current sources nearest to the electrodes J1, J3, J5 and J7 after
calculating the inverse solution. Each source has three components x,y and z. The y-axis of
the electrodes is uv2 /cycle/sec for the electrodes and uA/cm2 )2 /cycle/sec for current density
at each source location. The x-axis is frequency in Hz in all cases. This simulation confirms
the mathematical statements and demonstrates a frequency domain equivalence between the
spectra of electrical potentials at the scalp and the spectra of currents in the interior of the

head model.
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All Comments and Feedback
Are Welcome

Contact Us at
qgeeg@appliedneuroscience.com

and tell us what you think.
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